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A Corporate Dedication to 
Quality and Reliability 


National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. 

We are proud of our success... . it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 


Ahifnd 


Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 





Wir fiihlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 


National Semiconductor Corporation ist fuhrend bei der Her- 
Stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial Gber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind untbertroffen. 


Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fiir andere erstrebenswert sind. Auch ihre Anspriiche steig- 
en standig. Sie als unser Kunde kénnen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Qualité et La Fiabilité: 


Une Vocation Commune Chez National 
Semiconductor Corporation 


National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits intégrés d’une trés grande 
qualité et d’une fiabilité exceptionelle. National a 6té le pre- 
mier a vouloir faire chuter le nombre de circuits intégrés 
défectueux et a augmenter la durée de vie des produits. 
Depuis les matiéres premiéres, en passant par la concep- 
tion du produit sa fabrication et son expédition, partout la 
qualité et !a fiabilite chez National sont sans équivalents. 


Nous sommes fiers de notre succés et le standard ainsi 
défini devrait devenir l’objectif a atteindre par les autres so- 
ciétés. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; il en résulte que vous, qui étes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systémes 
d’une trés grande qualité standard. 


Un Impegno Societario di Qualita e 
Affidabilita 


National Semiconductor Corporation é un’industria al ver- 
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National é stata il principale promotore per Il’ab- 
battimento della difettosita dei circuiti integrati e per |’allun- 
gamento della vita dei prodotti. Dal materiale grezzo attra- 
verso tutte le fasi di progettazione, costruzione e spedi- 
zione, la qualita e affidabilita National non é seconda a nes- 
suno. 


Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. I! nostro desiderio di per- 
fezione 6 d’altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per !a produzione dei tuoi sistemi con elevaiti livelli 
di qualita. 


A hfnd 


Charles E. Sporck 


President, Chief Executive Officer 
National Semiconductor Corporation 
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TRADEMARKS 


Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks. 


Abuseable™ 
Anadig™ 
ANS-R-TRANT 
APPS™ 
ASPECTT™ 
Auto-Chem Deflasher™ 
BCPT™ 
BI-FET™ 
BI-FET IIT 
BI-LINET™ 
BIPLANTM 
BLCT™ 

BLXTM 
Brite-LiteT™ 
BTLT™ 
CheckTrackT™ 
CIMT™ 
CIMBUST™ 
CLASICT™ 
Clock~Chek™ 
COMBOTM 
COMBO IT 
COMBO II™ 
COPS™ microcontrollers 
Datachecker® 
DENSPAKT™ 
DIBT™ 
Digitalker® 
DISCERN™ 
DISTILL™ 
DNR® 
DPVM™ 
ELSTAR™ 
E-Z-LINKT™ 
FACT™ 
FAIRCADT™ 


FairtechT™ 
FAST® 

5-Star Service™ 
GAL® 

GENIX™ 

GNXT™ 

HAMRT™ 
HandiScan™ 
HEX 3000™ 
HPCT™ 

I3L® 

ICM™ 
INFOCHEX™ 
Integral ISETM 
Intelisplay™ 
|ISET™ 

ISE/O6T™ 
ISE/O08T™ 
ISE/16™ 
ISE32TM 
ISOPLANARTM 
ISOPLANAR-Z™ 
KeyScan™ 
LMCMOST™ 
M2CMOS™ 
Macrobus™ 
Macrocomponent™ 
MAXI-ROM® 
Meat~Chek™ 
MenuMaster™ 
Microbus™ data bus 
MICRO-DACT™ 
ptalker™ 
Microtalker™ 
MICROWIRET 
MICROWIRE/PLUST™ 


MOLET 
MSTT™ 
Naked-8T 
National® 
National Semiconductor® 
National Semiconductor 
Corp.® 
NAX 8007 
Nitride Plus™! 
Nitride Plus OxideT™ 
NMLT™ 
NOBUST™ 
NSC800Tm 
NSCISETM 
NSX-16™ 
NS-XC-16T 
NTERCOM™ 
NURAM™ 
OXISST™ 
P2CMOS™ 
PC Master™ 
Perfect Watch™ 
PharmasChek™ 
PLANT 
PLANARTM 
Polycraft™ 
POSilink™ 
POSitalker™ 
Power + Control™ 
POWERplanar™ 
QUAD3000T™ 
QUIKLOOK™ 
RAT™ 
RTX16™ 
SABRT™ 
ScriptsChek™ 


SCX™ 
SERIES/800T™ 
Series 900T™ 
Series 3000™ 
Series 32000® 
Shelf“Chek™ 
SofChek™ 
SPIRET™ 
START 
StarlinkT™M 
STARPLEX™ 
SuperChip™ 
SuperScript™ 
SYS32T 
TapePak® 
TDST™ 
TeleGate™ 
The National Anthem® 
TimewChek™ 
TINATM 

TLCT™ 
Trapezoidal™ 
TRI-CODET™ 
TRI-POLYT™) 
TRI-SAFE™ 
TRI-STATE® 
TURBOTRANSCEIVER™ 
VIPTM 

VR32T 
WATCHDOG™ 
XMOSTM 
XPUT 

Z START™ 
883B/RETS™ 
883S/RETS™ 


ETHERNET® is a registered trademark of Xerox Corporation. 


LIFE SUPPORT POLICY 


NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORA- 
TION. As used herein: 


1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per- 
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex- 
pected to result in a significant injury to the user. 


2. A critical component is any component of a life support 
device or system whose failure to perform can be reason- 
ably expected to cause the failure of the life support de- 
vice or system, or to affect its safety or effectiveness. 


National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 


National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 





Table of Contents 


Fairchild Advanced Schottky TTL, FAST®, is a family of TTL 
circuits that exhibits a combination of performance and effi- 
ciency unapproached by any other TTL family. Made with the 
proven Isoplanar process, 54F/74F circuits offer the switch- 
ing speed and output drive capability of Schottky TTL, with 
superior noise margins and only one-fourth the power con- 
sumption. 


Product Index and Selection Guide 


Lists 54F/74F circuits currently available, in design or 
planned. The Selection Guide groups the circuits by function. 


Section 1 Circuit Characteristics 


Discusses FAST technology, circuit configurations and char- 
acteristics. 


Section 2 Ratings, Specifications and 
Waveforms 


Contains common ratings and specifications for FAST devic- 
es, as well as AC test load and waveforms. 


Section 3 Design Considerations 


Provides the designer with useful guidelines for dealing with 
transmission and other high speed design concerns. 


Section 4 Data Sheets 


Contains data sheets for currently available and pending new 
products. 


Section5 Ordering Information and 

Package Outlines, Field Sales 

Offices, Representatives 

and Distributor Locations 
Explains simplified purchasing code which identifies device 
type, package type and temperature range. Contains detailed 
physical dimension drawings for each package. 
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Product Status Definitions 


Definition of Terms 


Data Sheet Identification Product Status Definition 
| Formative or This data sheet contains the design specifications for product 
1 In Design development. Specifications may change in any manner without notice. 
First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


Full This data sheet contains final specifications. National Semiconductor 
Production Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Alpha-Numeric Index 


29F52 8-Bit Registered Transceiver 

29F53 8-Bit Registered Transceiver 

29F68 Dynamic RAM Controller 

29F524 Dual Pipeline Register (7 Deep) 

29F525 Dual Pipeline Register (8 Deep) 

54F/74F00 Quad 2-Input NAND Gate 

54F/74F02 Quad 2-Input NOR Gate 

54F/74F04 Hex Inverter 

54F/74F08 Quad 2-Input AND Gate 

54F/74F10 Triple 3-Input NAND Gate 

54F/74F11 Triple 3-Input AND Gate 

54F/74F13 Dual 4-Input NAND Schmitt Trigger 

54F/74F14 Hex Inverter Schmitt Trigger 

54F/74F20 Dual 4-Input NAND Gate 

54F/74F27 Triple 3-Input NOR Gate 

54F/74F30 8-Input NAND Gate 

54F/74F32 Quad 2-Input OR Gate 

54F/74F37 Quad 2-Input NAND Buffer 

54F/74F38 Quad 2-Input NAND Buffer (Open Collector) 

54F/74F40 Dual 4-Input NAND Buffer 

54F/74F51 2-2-2-3 AND-OR-Invert Gate 

54F/74F64 4-2-3-2-Input AND-OR-Invert Gate 

54F/74F74 Dual D-Type Positive Edge-Triggered Flip-Flop 
54F/74F86 Quad 2-Input Exclusive-OR Gate 

54F/74F109 Dual JK Positive Edge-Triggered Flip-Flop 

54F/74F112 Dual JK Negative Edge-Triggered Flip-Flop 
54F/74F113 Dual JK Negative Edge-Triggered Flip-Flop 
54F/74F114 Dual JK Negative Edge-Triggered Flip-Flop w/Common Clocks and Clears 
54F/74F125 Quad Buffer (TRI-STATE) 

54F/74F132 Quad 2-Input NAND Schmitt Trigger 

54F/74F 138 1-of-8 Decoder/Demultiplexer 

54F/74F139 Dual 1-of-4 Decoder/Demultiplexer 

54F/74F 148 8-Line to 3-Line Priority Encoder 

54F/74F 151A 8-Input Multiplexer 

54F/74F153 Dual 4-Input Multiplexer 

54F/74F 157A Quad 2-Input Multiplexer 

54F/74F 158A Quad 2-Input Multiplexer (Inverted) 

54F/74F 160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset) 
54F/74F 161A Synchronous Presettable Binary Counter (Asynchronous Reset) 
54F/74F162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) 
54F/74F163A Synchronous Presettable Binary Counter (Synchronous Reset) 
54F/74F 164 Serial-In, Parallel-Out Shift Register 

54F/74F 168 4-Stage Synchronous Bidirectional Counter 
54F/74F169 4-Stage Synchronous Bidirectional Counter 
54F/74F174 Hex D Flip-Flop w/Master Reset 

54F/74F175 Quad D Flip-Flop 

54F/74F 181 4-Bit Arithmetic Logic Unit 

54F/74F 182 Carry Lookahead Generator 

54F/74F189 64-Bit Random Access Memory w/TRI-STATE Outputs 
54F/74F190 Up/Down Decade Counter w/Preset and Ripple Clock 
54F/74F191 Up/Down Binary Counter w/Preset and Ripple Clock 
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Alpha-Numeric Index continues) 


54F/74F 192 Up/Down Decade Counter w/Separate Up/Down Clocks 
54F/74F193 Up/Down Binary Counter w/Separate Up/Down Clocks 
54F/74F194 4-Bit Bidirectional Universal Shift Register 

54F/74F219 64-Bit Random Access Memory w/TRI-STATE Outputs 
54F/74F240 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) 
54F/74F241 Octal Buffer/Line Driver w/TRI-STATE Outputs 
54F/74F242 Quad Bus Transceiver w/TRI-STATE Outputs 
54F/74F243 Quad Bus Transceiver w/TRI-STATE Outputs 
54F/74F244 Octal Buffer/Line Driver w/TRI-STATE Outputs 
54F/74F245 Octal Bidirectional Transceiver w/TRI-STATE Outputs 
54F/74F251A 8-Input Multiplexer w/TRI-STATE Outputs 

54F/74F253 Dual 4-Bit Multiplexer w/TRI-STATE Outputs 

54F/74F256 Dual 4-Bit Addressable Latch 

54F/74F257A Quad 2-Input Multiplexer w/TRI-STATE Outputs 
54F/74F258A Quad 2-Input Multiplexer w/TRI-STATE Outputs (Inverting) 
54F/74F259 8-Bit Addressable Latch 

54F/74F269 8-Bit Bidirectional Binary Counter 

54F/74F273 Octal D Flip-Flop 

54F/74F280 9-Bit Parity Generator/Checker 

54F/74F283 4-Bit Binary Full Adder w/Fast Carry 

54F/74F298 Quad 2-Input Multiplexer with Storage 

54F/74F299 8-Bit Universal Shift/Storage Register w/Common Parallel I/O Pins 
54F/74F322 8-Bit Serial/Parallel Register w/Sign Extend 

54F/74F323 8-Bit Universal Shift/Storage Register w/Synchronous Reset and Common I/O Pins . 4-245 
54F/74F350 4-Bit Shifter w/TRI-STATE Outputs 4-250 
54F/74F352 Dual 4-Input Multiplexer 

54F/74F353 Dual 4-Input Multiplexer w/TRI-STATE Outputs 
54F/74F365 Hex Buffer/Driver w/TRI-STATE Outputs 

54F/74F366 Hex Inverter/Buffer w/TRI-STATE Outputs 

54F/74F368 Hex Inverter/Buffer w/TRI-STATE Outputs 

54F/74F373 Octal Transparent Latch w/TRI-STATE Outputs 
54F/74F374 Octal D-Type Flip-Flop w/TRI-STATE Outputs 
54F/74F377 Octal D-Type Flip-Flop w/Clock Enable 

54F/74F378 Parallel D Register with Enable 

54F/74F379 Quad Parallel Register with Enable 

54F/74F381 4-Bit Arithmetic Logic Unit 

54F/74F382 4-Bit Arithmetic Logic Unit 

54F/74F385 Quad Serial Adder/Subtracter 

54F/74F395 4-Bit Cascadable Shift Register w/TRI-STATE Outputs 
54F/74F398 Quad 2-Port Register. - 

54F/74F399 Quad 2-Port Register 

54F/74F401 Cyclic Redundancy Check Generator/Checker 
54F/74F402 Serial Data Polynomial Generator/Checker 

54F/74F403 16 x 4 First-In First-Out Buffer Memory 

54F/74F407 Data Access Register 

54F/74F 410 Register Stack—16 x 4 RAM TRI-STATE Output Register 
54F/74F412 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE Outputs 
54F/74F413 64 x 4 First-In First-Out Buffer Memory w/Parallel 1/O 


54F/74F432 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE.Output 
54F/74F433 64 x 4 First-In First-Out Buffer Memory © 
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Alpha-Numeric Index contiaues 


54F/74F521 8-Bit Identity Comparator 

54F/74F524 8-Bit Registered Comparator 

54F/74F525 16-Bit Programmable Counter 

54F/74F533 Octal Transparent Latch w/TRI-STATE Outputs 

54F/74F534 Octal D Flip-Flop w/TRI-STATE Outputs 

54F/74F537 1-of-10 Decoder w/TRI-STATE Outputs 

54F/74F538 1-of-8 Decoder w/TRI-STATE Outputs 

54F/74F539 Dual 1-of-4 Decoder w/TRI-STATE Outputs 

54F/74F540 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) 

54F/74F541 Octal Buffer/Line Driver w/TRI-STATE Outputs 

54F/74F543 Octal Registered Transceiver 

54F/74F544 Octal Registered Transceiver (Inverting in Both Directions) 

54F/74F545 Octal Bidirectional Transceiver w/TRI-STATE Outputs 

54F/74F547 Octal Decoder/Demultiplexer w/Address Latches and Acknowledge 

54F/74F548 Octal Decoder/Demultiplexer w/Acknowledge 

54F/74F550 Octal Registered Transceiver w/Status Flags 

54F/74F551 Octal Registered Transceiver w/Status Flags 

54F/74F552 Octal Registered Transceiver w/Parity and Flags 

54F/74F563 Octal D-Type Latch w/TRI-STATE Outputs 

54F/74F564 Octal D-Type Flip-Flop w/TRI-STATE Outputs 

54F/74F568 4-Bit Bidirectional Decade Counter w/TRI-STATE Outputs 

54F/74F569 4-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 

54F/74F573 Octal D-Type Latch w/TRI-STATE Outputs 

54F/74F574 Octal D-Type Flip-Flop w/TRI-STATE Outputs 

54F/74F579 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 

54F/74F582 4-Bit BCD Arithmetic Logic Unit 

54F/74F583 4-Bit BCD Adder 

54F/74F588 Octal Bidirectional Transceiver with IEEE-488 Termination Resistors and TRI-STATE 
Inputs/Outputs 

B4F/74F595 8-Bit Shift Register w/Cutpu 

54F/74F597 8-Bit Shift Register 

54F/74F598 8-Bit Shift Register 

54F/74F620 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 

54F/74F623 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 

54F/74F632 32-Bit Parallel Error Detection and Correction Circuit 

54F/74F646 Octal Transceiver/Register w/TRI-STATE Outputs 

54F/74F648 Octal Transceiver/Register w/TRI-STATE Outputs 

54F/74F651 Octal Transceiver/Register w/TRI-STATE Outputs (Inverting) 

54F/74F652 Octal Transceiver/Register w/TRI-STATE Outputs 

54F/74F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and TRI-STATE 


54F/74F673A 16-Bit Serial-In, Serial/Parallel-Out Shift Register (Common Serial I/O Pin) 
54F/74F674 16-Bit Serial/Parallel-In, Serial-Out Shift Register (Common Serial I/O Pin) 
54F/74F675A 16-Bit Serial-In, Serial/Parallel-Out Shift Register 

54F/74F676 16-Bit Serial/Parallel-In, Serial-Out Shift Register 

54F/74F701 Register/Counter/Comparator 

54F/74F702 Read-Back Transceiver 

54F/74F707 400 MHz 8-Bit TTL-ECL Register 

54F/74F710 400 MHz Single Supply TTL-ECL Shift Register 

54F/74F779 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 

54F/74F821 10-Bit D-Type Flip-Flop 





Alpha-Numeric Index (continues) 


54F/74F823 9-Bit D-Type Flip-Flop 

54F/74F825 8-Bit D-Type Flip-Flop 

54F/74F827 10-Bit Buffer/Line Driver 
54F/74F828 10-Bit Buffer/Line Driver 
54F/74F841 10-Bit Transparent Latch 
54F/74F843 9-Bit Transparent Latch 
54F/74F845 8-Bit Transparent Latch 
54F/74F968 1 Megabit Dynamic RAM Controller 
54F/74F978 Octal Flip-Flop w/Serial Scanner 
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FAST® Product Selection Guide 


Inputs/ No. of 
NAND/NAND Buffer 


Quad 2-Input NAND 54F/74F00 
Triple 3-Input NAND 54F/74F10 
Dual 4-Input NAND Schmitt Trigger 54F/74F13 
Dual 4-Input NAND 54F/74F20 
8-Input NAND 54F/74F30 
Quad 2-Input Positive NAND Buffer 54F/74F37 
Quad 2-Input NAND Buffer (OC) 54F/74F38 
Dual 4-Input Positive NAND Buffer 54F/74F40 
Quad 2-Input Positive NAND Schmitt Trigger 54F/74F132 
AND 


Quad 2-Input AND 54F/74F08 
Triple 3-Input AND 54F/74F11 


OR/NOR/Exclusive-OR 


Quad 2-Input NOR 54F/74F02 
Triple 3-Input NOR 54F/74F27 
Quad 2-Input OR 54F/74F32 
Quad 2-Input Exclusive-OR 54F/74F86 
Invert/AND-OR-Invert 


Hex Inverter 54F/74F04 1 
Hex Schmitt Trigger Inverter 54F/74F14 1 
Dual AND-OR-Invert 54F/74F51 3/3/2/2 
AND-OR-!nvert 54F/74F64 4/2/3/2 


NADH NH WHA AW ND 
PHA RH NON DH H 


Dual Edge Triggered Flip Flops 


Function pirect 
Clear 
Yes Yes 


Dual D Positive 54F/74F74 -f- 


Dual JK Positive 54F/74F109 
Dual JK Negative 54F/74F112 
Dual JK 54F/74F113 
Dual JK Negative (Common Clocks & Clears) 54F/74F114 
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Multiple Flip-Flops 


Function 


FAST Product Selection Guide 


Hex D Flip-Flop 

Quad D Flip-Flop 

Octal D Flip-Flop 

Octal! D Flip-Flop 

Octal D Flip-Flop w/Clock Enable 
Parallel D Register w/Enable 
Parallel D Register w/Enable 
Octal D Flip-Flop 

Octal D Flip-Flop 

Octal D Flip-Flop 

10-Bit D Flip-Flop 

9-Bit D Flip-Flop 

8-Bit D Flip-Flop 

Octal Flip-Flop w/Serial Scanner 


Registers 


54F/74F174 
54F/74F175 
54F/74F273 
54F/74F374 
54F/74F377 
54F/74F378 
54F/74F379 
54F/74F534 
54F/74F564 
54F/74F574 
54F/74F821 
54F/74F823 
54F/74F825 
54F/74F978 


Function 


Parallel D Register w/Enable 


Quad Parallel D Register w/Enable 


Quad 2-Port Register 
Quad 2-Port Register 


Serial Data Polynomial Generator/Checker 


Data Access Register 


AA SSSA) 5 


Register Stack—16 x 4 RAM TRI-STATE Output Register 


Register/Counter/Comparator 
Dual Pipeline Register 
Dual Pipeline Register 


Latches 


Function 


Dual 4-Bit Addressable Latch 
8-Bit Addressable Latch 

Octal Latch 

Multimode Buffered 8-Bit Latch 
Multimode Buffered 8-Bit Latch 
Octal D Latch 

Octal D Latch 

Octal D Latch 

10-Bit D Latch 

9-Bit D Latch 

8-Bit D Latch 


54F/74F256 
54F/74F259 
54F/74F373 
54F/74F412 
54F/74F432 
54F/74F533 
54F/74F563 
54F/74F573 
54F/74F841 
54F/74F843 
54F/74F845 


1(L) 
1(L) 
4(L) & 1(H) 


1(L) & 1(H) 
1(L) & 1(H) 
1(L) & 1(H) 
1(L) & 1(H) 
1(L) & 1(H) 
3(L) & 1(H) 


xii 


54F/74F378 
54F/74F379 
54F/74F398 
54F/74F399 
54F/74F402 
54F/74F407 
54F/74F410 
54F/74F701 
29F524 

29F525 


Master Broadside TRI-STATE® 
Reset Pinout Outputs 
Yes 


a 
of 
a a 
~ 
oa 
of 
SS 
Ss 
ro a 
Ss 


Enable Broadside TRI-STATE 
Inputs Pinout Outputs 





Counters 


Function Parallel Reset TRI-STATE 
“a A Outputs 


Presettable 4-Bit BCD Decade 54F/74F160A 
Presettable 4-Bit Binary 54F/74F161A 
Presettable 4-Bit BCD Decade 54F/74F162A 


Presettable 4-Bit Binary 54F/74F163A 
4-Bit BCD Decade 
4-Bit Binary 
4-Bit BCD Decade w/Preset & Ripple Clock 
4-Bit Binary w/Preset & Ripple Clock 
4-Bit BCD Decade w/Separate Up/Down Clocks 
4-Bit Binary w/Separate Up/Down Clocks 
8-Bit Binary 
16-Stage Programmable 
4-Bit BCD Decade 
4-Bit Binary 
8-Bit Binary 
Register/Counter/Comparator 
8-Bit Binary 
S = Synchronous 
A = Asynchronous 


Shift Registers 


Function 


Shift Right, Serial-In, Parallel-Out 

Bidirectional, Universal 

Universal Octal Shift/Storage w/Common I/O Pins 
Octal Serial/Parallel w/Sign Extend 

Universal Octal Shift/Storage w/Synch. Reset 
4-bit Cascadable 

Octal w/Output Latches 

Octal w/Input Latches 

Octal w/Input Latches 

Serial-In, Serial/Parallel-Out (Common I/O Pin) 
Serial/Parallel-In, Serial-Out 

Serial-In, Serial/Parallel-Out 

Serial/Parallel-In, Serial-Out 


54F/74F168 
54F/74F169 
54F/74F190 
54F/74F191 
54F/74F192 
54F/74F193 
54F/74F269 
54F/74F525 
54F/74F568 
54F/74F569 
54F/74F579 
54F/74F701 
54F/74F779 


54F/74F164 
54F/74F194 
54F/74F299 
54F/74F322 
54F/74F323 
54F/74F395 
54F/74F595 
54F/74F597 
54F/74F598 


54F/74F673A 


54F/74F674 


54F/74F675A 


54F/74F676 
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Buffers/Line Drivers 


Function No. of Broadside 
Bits Pinout 
4 Yes 


Quad Buffer (TRI-STATE) 54F/74F125 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F240 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F241 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F244 
Hex Buffer/Driver (TRI-STATE) 54F/74F365 
Hex Inverter/Buffer (TRI-STATE) 54F/74F366 
Hex Inverter/Buffer (TRI-STATE) 54F/74F368 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F540 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F541 
10-Bit Buffer/Line Driver 54F/74F827 
10-Bit Buffer/Line Driver 54F/74F828 


7mmannnmwm ao @® 


ee 
oo 


Transceivers/Registered Transceivers 


Function Registered Enable 
Inputs 


Quad Bus Transceiver 

Quad Bus Transceiver 

Octal Bidirectional Transceiver 
Octal Registered Transceiver 
Octal Registered Transceiver 
Octal Bidirectional Transceiver 
Octal Registered Transceiver 
Octal Registered Transceiver 
Octal Registered Transceiver 
Octal Bidirectional Transceiver 
Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bidirectional Transceiver 
Read-Back Transceiver 

Octal Registered Transceiver 
Octal Registered Transceiver 


54F/74F242 
54F/74F243 
54F/74F245 
54F/74F543 
54F/74F544 
54F/74F545 
54F/74F550 
54F/74F551 
54F/74F552 
54F/74F588 
54F/74F620 
54F/74F623 
54F/74F646 
54F/74F648 
54F/74F651 
54F/74F652 
54F/74F657 
54F/74F702 
29F52 

29F53 


1(L) & 1(H) 
1(L) & 1(H) 
1(L) 
6(L) 
6(L) 
1(L) 
4(L) 
4(L) 
2(L) 
i(L) 
2(H) 
2(H) 
4(L) & 1(H) 
1(L) & 1(H) 
4(L) & 1(H) 
1(L) & 1(H) 
1(L) & 1(H) 
4(L) 
4(L) 
4(L) 


TRI-STATE Inputs 


Inverting in Both Directions 
TRI-STATE Inputs 

Status Flags 

Status Flags, Inverting 
Parity & Flag 

GPIB Compatible 

Inverting 


Inverting 
Inverting/Noninverting 
Inverting (O.C.) 

8-Bit Pairty Gen./Checker 
Bidirectional Control 


Inverting 





Multiplexers 


Function Device Enapls True Complement 
Inputs owe ee 


8-Input 54F/74F151A 
Dual 4-Input 54F/74F153 
Quad 2-Input 54F/74F157A 
Quad 2-Input (Inverting) 54F/74F158A 
8-Input (TRI-STATE) 54F/74F251A 
Dual 4-Input (TRI-STATE) 54F/74F253 
Quad 2-Input (TRI-STATE) 54F/74F257A 
Quad 2-Input (TRI-STATE, Inverting) 54F/74F258A 
Quad 2-Input w/Storage 54F/74F298 
4-Input w/Shift (TRI-STATE) 54F/74F350 
Dual 4-Input 54F/74F352 
Dual 4-Input (TRI-STATE) 54F/74F353 
Quad 2-Port Register 54F/74F398 
Quad 2-Port Register 54F/74F399 


Decoders/Demultiplexers 


Function Address Output 
=~ Enable 


1-of-8 Decoder/Demultiplexer 54F/74F138 2(L) & 1(H) 8(L) 
Dual 1-of-4 Decoder/Demultiplexer 54F/74F139 1(L) & 1 (L) 4(L) & 4(L) 
1-of-10 Decoder (TRI-STATE) 54F/74F537 1(L) & 1(H) 1(L) 10(H) 
1-of-8 Decoder (TRI-STATE) 54F/74F538 2(L) & 2(H) 2(L) 8(H) 
Dual 1-of-4 Decoder (TRI-STATE) 54F/74539 1(L)&1(L) | 1(L)&1(L) ) 4(H) & 4(H) 
Octal Decoder/Demultiplexer w/Latches 54F/74F547 1(L) & 2(H) 8(L) 
Octal Decoder/Demultiplexer w/Acknowledge | 54F/74F548 2(L) & 2(H) 8(L) 


Adders/Subtractors 


vines Master Carry 
runcuon Reset Lookahead 





Binary Full Adder w/Fast Carry 54F/74F283 Yes 
Quad Serial Adder/Subtractor 54F/74F385 Yes 
4-Bit BCD Adder 54F/74F583 Yes 
8-Bit Serial/Parallel Multiplexer 54F/74F784 

w/ Adder Subtractor 
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Comparators 


Function 


8-Bit Identity Comparator 
8-Bit Comparator 
Register/Counter/Comparator 


Divider 


Function 


16-Stage Programmable Counter/Divider 


Function 


Arithmetic Logic Unit 54F/74F181 


Arithmetic Logic Unit 54F/74F381 


54F/74F382 
54F/74F582 


Arithmetic Logic Unit 
BCD Adder/Subtractor 


ALU Support 


Function 


Carry Lookahead Generator 


4-Bit Shifter (Specialized Multiplexer) 
ALU/Function Generator 


Function 


16 x 4 FIFO Buffer Memory 
FIFO RAM Controller 

64 x 4 FIFO Buffer Memory 
64 x 4 FIFO Buffer Memory 


Memories 


Function 


16x 4 RAM 
16x 4RAM 
16 x 4 FIFO Buffer Memory 
64 x 4 FIFO Buffer Memory 
64 x 4 FIFO Buffer Memory 


54F/74F521 
54F/74F524 
54F/74F701 


Expandable 
Expandable, Registered 
Expandable 


54F/74F525 Crystal Oscillator 


54F/74F182 


54F/74F350 
54F/74F881 


54F/74F403 
54F/74F 411 
54F/74F413 
54F/74F433 


54F/74F189 
54F/74F219 
54F/74F403 
54F/74F413 
54F/74F433 


Carry Generate/ 
Propagate Outputs 
Carry Generate/ 
Propagate Outputs 
Ripple Carry Expansion 
Lookahead & Ripple 
Carry Expansion 


Carry Lookahead Generator 
for 4 ALUs 
Expandable Shifter 


Serial/Parallel Serial/Parallel 


Serial/Parallel 
Serial/Parallel 


Parallel . 
Serial/Parallel 


TRI-STATE 
Outputs 


Yes 
Yes 





Memory Support 


Data Access Register 54F/74F407 TRI-STATE Outputs 

Register Stack—16 x 4 RAM 54F/74F410 TRI-STATE Output Register 
FIFO RAM Controller 54F/74F411 

Parallel Check Bit/Syndrome Bit Generator 54F/74F420 TRI-STATE Outputs 

32-Bit Error Detection & Correction 54F/74F632 Latched, TRI-STATE Outputs 
1 Megabit Dynamic RAM Controller 54F/74F968 TRI-STATE Outputs 
Dynamic RAM Controller 29F68 TRI-STATE Outputs 


Cyclic Redundancy Checker-Generator 


Polynomial 
Cyclic Redundancy Check Generator/Checker 54F/74F401 16 14 
Serial Data Polynomial Generator/Checker 54F/74F402 64 Yes 16 


Parity Generator/Checker 


| Function | evice | Features, | heads | 


Parity Generator/Checker 54F/74F280 Odd/Even Outputs, 9-Bits In 14 
Parallel Check Bit/Syndrome Bit Generator 54F/74F420 48 


Error Detection and Correction 


| Function | sevice | Leads | 
32-Bit Error Detection and Correction 54F/74F632 | 52 


Microprocessor Support 


Function Device Leads 


8-Line to 3-Line Priority Encoder 54F/74F148 Ft 


TTL to ECL Translators 


| Function | Device _| Complementary | tated | Features | 


Hex TTL-ECL Translator F100124 Enable Input 
Hex ECL-TTL Translator F100125 Common Mode Rejection = + 1V 
Octal ECL-TTL Transceiver F100128 ECL Output Cut-Off State 


For further information on TTL to ECL transtlators, refer to the F100k databook. 
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Circuit Characteristics 


FAST® Technology 


FAST (Fairchild Advanced Schottky TTL) circuits are made 
with the advanced Isoplanar II process, which produces 
transistors with very high, well-controlled switching speeds, 
extremely small parasitic capacitances and fy in excess of 
5 GHz. Isoplanar is an established National process, used 
for years in the manufacture of bipolar memories, CMOS, 
subnanosecond ECL and ISL™ (isoplanar Integrated Injec- 
tion Logic) LSI devices. 


In the isoplanar process, components are isolated by a se- 
lectively grown thick oxide rather than the pt isolation re- 
gion used in the planar process. Since this oxide needs no 
separation from the base-collector regions, component and 
chip sizes are substantially reduced. The base and emitter 
ends terminate in the oxide wall; masks can thus overlap 
the device area into the isolation oxide. This overlap feature 
eliminates the extremely close tolerances normally required 
for base and emitter masking, and the standard photolitho- 
grahic processes can be used. 


Figure 1-1 shows the relative size of phase splitter transis- 
tors (Q2 in Figure 1-3) used in Schottky, Low Power 
Schottky and FAST circuits. The LS-TTL transistor is small- 
er than that of S-TTL because of process refinements, shal- 


Collector 


Emitter 


Schottky 
Diode 


p-Type 
Isolation 
Diffusion 


Planar Washed Emitter 


Schottky LS 


lower diffusions and smaller operating currents. The relative 
size of the FAST and FAST LSI transistors illustrate the 
reduction afforded by the Isoplanar process. This in turn 
reduces junction capacitances, while the use of oxide isola- 
tion reduces sidewall capacitance. The end result of these 
reductions is an increase in frequency response by a factor 
of three or more. Figure 1-2 shows the frequency response 
of two sizes of transistors made with the Isoplanar II pro- 
cess. Because they have modest, well-defined loads and 
thus can use smaller, faster transistors, internal gates of 
MSI devices are faster than SS! gates such as the ’FOO or 
’*FO2. SSI gates, on the other hand, are designed to have 
high output drive capability and thus use larger transistors. 


As is the case with other modern LSI processes, the shal- 
lower diffusions and thinner oxides make FAST devices 
more susceptible to damage from electrostatic discharge 
than are devices of earlier TTL families. Users should take 
the usual precautions when handling FAST devices: avoid 
placing them on non-conductive plastic surfaces or in plas- 
tic bags, make sure test equipment and jigs are grounded, 
individuals should be grounded before handling the devices, 
etc. 


Silicon 
Dioxide 


lsoplanar Isoplanar II 


LSI FAST 


TL/F/9592-1 


FIGURE 1-1. Relative Transistor Sizes in Various TTL Families 
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FAST Technology (Continued) 


™ {Small Geometry ie ied 
Re Large Geometry ie 


“10 20 50 10 20 50 100 


f~ Frequency Response — GHz 


le~ Collector Current= mA 


TL/F/9592-2 
FIGURE 1-2. lsoplanar Transistor Frequency Response 


FAST Circuitry 


The 2-input NAND gate, shown in Figure 1-3, has three 
stages of gain (Q1, Q2, Q3) instead of two stages as in 
other TTL families. This raises the input threshold voltage 
and increases the output drive. The higher threshold makes 
it possible to use pn diodes for the input AND function (D1 
and D2) and still achieve an input threshold of 1.5V. 


FIGURE 1-3. Basic FAST Gate Schematic 


The capacitance of these diodes is comparatively low, 
which results in improved AC noise immunity. The effect of 
the threshold adjustment can be seen in the voltage transfer 
characteristics of Figures 1-4, 1-5 and 1-6. At 25°C (Figure 
7-5) the FAST circuit threshold is nearly centered between 
the 0.8V and 2.0V limits specified for TTL circuits. This gives 
a better balance between the HIGH- and LOW-state noise 
margins The + 125°C characteristics (Figure 1-6) show that 
the FAST circuits threshold is comfortably above the 0.8V 
specification, more so than in S-TTL or LS-TTL circuits. At 
—55°C, the FAST circuit threshold is still well below the 
2.0V specification, as shown in Figure 1-4. 


FAST circuits contain several speed-up diodes to help dis- 
charge internal capacitances. Referring again to Figure 1-3, 
when a HIGH-to-LOW transition occurs at the D1 input, for 
example, Schottky diode D3 acts as a low-resistance path 
to discharge the several parasitic capacitances connected 
to the base of Q2. This effect only comes into play, howev- 
er, as the input signal falls below about 1.2V; D3 does not 
act as an entry path for negative spikes superimposed on a 
HIGH input level. When Q2 turns ON and its collector volt- 
age falls, D7 provides a discharge path for capacitance at 
the base of Q6. Whereas D3, D4 and D7 enhance switching 
speed by helping to discharge internal nodes, D8 contrib- 
utes to the ability of a FAST circuit to rapidly discharge load 
capacitance. Part of the charge stored in load capacitance 
passes through D8 and Q2 to increase the base current of 
Q3 and increase Q3’s current sinking capability during the 
HIGH-to-LOW output voltage transition. 


Voc 
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FAST Circuitry (Continued) 


In addition to the 2K-Q4-3K squaring network, which is stan- 
dard for Schottky-clamped TTL circuits, FAST circuits con- 
tain a network D9-D10-D11-Q7 whose purpose is to provide 
a momentary low impedance at the base of Q3 during an 
output LOW-to-HIGH transition. The rising voltage at the 
emitter of Q5 causes displacement current to flow through 
varactor diode D9 and momentarily turn ON Q7, which in 
turn pulls down the base of Q3 and absorbs the displace- 
ment current that flows through the collector-base capaci- 
tance (not shown) of Q3 when the output voltage rises. 
Without the D9-Q7 network, the displacement current 
through the collector-base capacitance acts as base cur- 
rent, tending to prolong the turn-off of Q3 and allow current 
to flow from Q6 to ground through Q3. 





Vout = Output Voltage = V 





Vin 7 Input Voltage - V 
TL/F/9592-4 
FIGURE 1-4. Transfer Functions at Low Temperature 


The collector-base capacitance of Q3, although small, is 
effectively multiplied by the voltage gain of Q3. This phe- 
nomenon, first identified many years ago with vacuum tube 
triodes, is called the Miller effect. Thus the D9-Q7 network 
is familiarly called the ‘Miller Killer’ circuit and its use im- 
proves the output rise time and minimizes power consump- 
tion during repetitive switching at high frequencies. Diode 
D10 completes the discharge path for D9 through D7 when 
Q2 turns on. D11 limits how low Q7 pulls down the base of 
Q3 to a level adequate for the intended purpose, without 
sacrificing turn-on speed when a circuit is cycled rapidly. 


Also shown in Figure 1-3 is a clamp diode, D12, at the out- 
put. This diode limits negative voltage excursions due to 
parasitic coupling in signal lines or transmission line effects. 


The Schottky clamping diodes built into the transistors pre- 
vent saturation, thereby eliminating storage time as a factor 
in switching speed. Similarly, the speed-up diodes tend to 
minimize the impact of other variables on switching speed. 
The overall effect is to minimize variation in switching speed 
of FAST circuits with variations in supply voltage and ambi- 
ent temperature (Figures 1-7 and 1-8). Propagation delay is 
specified not only under nominal supply voltage and temper- 
ature conditions, but also over the recommended operating 
range of Vcc and Ta for both military and commercial grade 
devices. 














Vout ~ Output Voltage - V 








Vin 7 Input Voltage = V 
TL/F/9592-5 
FIGURE 1-5. Transfer Functions at Room Temperature 


The internal switching speed of a logic circuit is only one 
aspect of the circuit’s suitability for high-speed operations at 
the system or subsystem level; the other aspect is the ability 
of the circuit to drive load capacitance. FAST circuit outputs 
are structured to sink at least 20 mA in the LOW state, the 
same as S-TTL. This capability plus the effect of the afore- 
mentioned feedback through D8 assures that the circuit can 
rapidly discharge capacitance. During a LOW-to-HIGH tran- 
sition, the pull-up current is limited by the 450 resistor, ver- 
sus 552 for S-TTL. Therefore, FAST circuits are inherently 
more capable than S-TTL of charging load capacitance. 


Figure 1-9 shows the effects of load capacitance on propa- 
gation delays of FAST, S-TTL and LS-TTL NAND gates. The 
curves show that FAST gates are not only faster than those 
of earlier families, but also are less affected by capacitance 
and exhibit less skew between the LOW-to-HIGH and 
HIGH-to-LOW delays. These improved characteristics of- 
fered by FAST circuits make it easier to predict system per- 
formance early in the desian phase, before loading details 
are precisely known. The curves show that the skew be- 
tween HIGH-to-LOW and LOW-to-HIGH delays for the 
FAST gate is only about 0.5 ns over a broad range of load 
capacitance, whereas the skew for the S-TTL gate is 1 ns or 
greater, depending on loading. 


Vec =5.0V 
T= #125°C 








Voyt @ Output Voltage = V 














05 


Vin 7 Input Voltage = V 
TL/F/9592-6 
FIGURE 1-6. Transfer Functions at High Temperature 
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Circuit Characteristics 


FAST Circuitry (continueg) Output Characteristics 


Figure 1-10 shows the current-voltage characteristics of a 
FAST gate with the pull-down transistor Q3 turned ON. 
These curves illustrate instantaneous conditions in dis- 
charging load capacitance during an output HIGH-to-LOW 
transmission. When the output voltage is at about 3.5V, for 
example, the circuit can absorb charge from the load capac- 
itance at a 500 mA rate at + 25°C. From this level the rate 
decreases steadily down to about 100 mA at 1.5V. In this 
region from 3.5V to 1.5V, part of the charge from the load 
capacitance is fed back through D8 (Figure 1-3) and Q2 to 
provide extra base current for Q3, boosting its current sink- 
ing capability and thus reducing the fall time. Below the 1.5V 
level, Q3 continues to discharge the load capacitance, but 
without extra base current from D8. At about 0.5V, the inte- 
gral Schottky clamp diode from base to collector of Q3 
Voc = SUPPLY VOLTAGE = V starts conducting and prevents Q3 from going into deep 
TL/F/9592-7 saturation. 


FIGURE 1-7. Propagation Delay versus Vcc 
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bi is lo = OUTPUT LOW CURRENT= mA 


Ty ~ AMBIENT TEMPERATURE = °C TL/F/9592-10 
TL/E/9592-8 FIGURE 1-10. Output LOW Characteristics— ’F00 


1-8. Propagation Delay versus Temperature 
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Vo. ~ OUTPUT LOW VOLTAGE = V 
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lo, = OUTPUT LOW CURRENT = mA 


C= LOAD CAPACITANCE — pF TL/F/9592-11 
TL/F/9592-9 FIGURE 1-11. Output LOW Characteristics— ’F00 


FIGURE 1-9. Propagation Delay 
versus Load Capacitance 





Output Characteristics (continuea) 


On a greatly expanded scale, the output LOW characteris- 
tics of a gate are shown in Figure 1-171. With no load, the 
output voltage is about 0.1V, increasing with current on a 
slope of about 7.59. When the load current increases be- 
yond the current-sinking capability of Q3, the output voltage 
rises steeply. It can be seen that the worst-case specifica- 
tion of 0.5V max at 20 mA load is easily met. Similar charac- 
teristics for a buffer shown in Figure 7-12, over a broader 
current range. The curves are well below the output LOW 
voltage specification of 0.55V max at 48 mA over the mili- 
tary temperature range or 64 mA over the commercial tem- 
perature range. 
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lo, - OUTPUT LOW CURRENT = mA 


TL/F/9592-12 
FIGURE 1-12. Output LOW Characteristics— ’F244 
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Voy 7 OUTPUT HIGH VOLTAGE = V 








loy~ OUTPUT HIGH CURRENT = mA 


TL/F/9592~13 
FIGURE 1-13. Output HIGH Characteristics— ’F00 


The output HIGH characteristics of a FAST gate are shown 
in Figure 1-13. At low values of output current the voltage is 
approximately 3.5V. This value is just the supply voltage 
minus the combined base-emitter voltages of the Darlington 
pull-up transistors Q5 and Q6 (Figure 1-3). For load currents 
above 16 mA or 18 mA, the voltage drop across the 452 
Darlington collector resistor becomes appreciable and the 
Darlington saturates. For greater load currents the output 
voltage decreases with a slope of about 50N, which is large- 
ly due to the 450 resistor. The value of current where a 
characteristic intersects the horizontal axis is the short- 


circuit output current log. This is guaranteed to be at least 
60 mA for a FAST gate, compared to 40 mA for S-TTL. This 
parameter is an important indicator of the ability of an output 
to charge load capacitance. Thus the FAST specifications 
insure that an output can charge load capacitance faster, or 
force a higher LOW-to-HIGH voltage step into the dynamic 
impedance of a long interconnection. 


The output HIGH characteristics of a buffer are shown in 
Figure 1-14. These are similar in shape to Figure 71-73 but at 
higher levels of current. The output HIGH voltage of a buffer 
is guaranteed at two different levels of load current. With a 
3 mA load, Vox is guaranteed to be at least 2.4V for both 
military and commercial devices. Voy is also guaranteed to 
be at least 2.0V with a 12 mA load for military or 15 mA load 
for commercial devices. In addition, the short-circuit output 
current of a buffer is guaranteed to be at least 100 mA. 


When an output is driving a long interconnection, the initial 
LOW-to-HIGH transition is somewhat less than the final, qui- 
escent HIGH level because of the loading effect of the line 
impedance. The full HIGH voltage level is only reached after 
the reflection from the far end of the line returns to the 
driver. The initial LOW-to-HIGH voltage step that an output 
can force into a line is determined by drawing a load line on 
the graph containing the output HIGH characteristic and 
noting the voltage value where the load line intersects the 
characteristic. For example, if a FAST gate is driving a'1000 
line, a straight line from the lower left origin up to the point 
5V, 50 mA intersects the —55°C characteristic curve at 
about 2.8V. This indicates that the gate output voltage will 
rise to 2.8V initially, and the 2.8V signal, accompanied by 
28 mA of current, will travel to the end of the line. If not 
terminated, the 28 mA is forced to return to the driver, 
whereupon it unloads the driver and the output voltage rises 
to the maximum value. Similarly, a 50 load line drawn on 
the buffer characteristic shows an intercept voltage of 2.5V. 
In both cases, the initial voltage step is great enough to 
pass through the switching region of any inputs that might 
be located near the driver end of the lline, and thus would 
not exhibit any exaggerated propagation delay due to the 
loading effect of the line impedance on the driver output. 
Thus the FAST output characteristics insure better system 
performance under adverse loading conditions. 








Voy = OUTPUT HIGH VOLTAGE = V 




















loy— OUTPUT HIGH CURRENT = mA 


TL/F/9592-14 
FIGURE 1-14. Output HIGH Characteristics— ’F244 
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Circuit Characteristics 


Input Characteristics 


The input of a FAST circuit represents a small capacitance, 
typically 4 pF to 5 pF, in parallel with an I-V characteristic 
that exhibits different slopes over different ranges of input 
voltage. Figure 1-15 shows the input characteristic of a 
FAST gate at three temperatures. In the upper right, the flat 
horizontal portion is the VijH—lj4 characteristic. In this region, 
all of the current from the 10 kQ input resistor (Figure 1-3) is 
flowing into the base of Q1 and the only current flowing in 
the input diode is the leakage current I)4. When the input 
voltage decreases to about 1.7V (+ 25°C), current starts to 
flow out of the input diode and the curve shows a knee. At 
this point some of the current from the 10 kf resistor is 
diverted from the base of Q1. When the input voltage de- 
clines to about 1.4V the curve shows another knee; at this 
point, substantially all of the current from the 10 kQ resistor 
flows out of the input diode. The portion of the curve be- 
tween 1.4V and 1.7V input voltage is the active region, es- 
sentially corresponding to the FAST transfer function in Fig- 
ure 1-5. 








I,- INPUT CURRENT = A 
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V, 7 INPUT VOLTAGE = V 


TL/F/9592-15 
FIGURE 1-15. Input Characteristics— ’F00 


Below 1.4V input, the characteristic has the slope of the 
10 kQ input resistor. When the input voltage declines to 
about —0.3V, the Schottky clamping diode starts conduct- 
ing and the current increases rapidly as the input voltage 
decreases further. 


The input characteristics of a buffer, shown in Figure 1-76, 
differ from those of a gate in two respects. One is the loca- 
tion of the transition region along the horizontal axis. A buff- 
er input has a hysteresis characteristic about 400 mV wide, 
such that the transition region shifts left or right accordingly 
as the input voltage transition is HIGH-to-LOW or LOW-to- 
HIGH, respectively. The curves in Figure 1-16 apply to the 
HIGH-to-LOW input voltage transition. The other difference 
between buffer and gate characteristics is the slope of the 
characteristic follows this value, rather than the 10 kN slope 
of a gate input. 


I- INPUT CURRENT = 2A 























V,~ INPUT VOLTAGE = V 


TL/F/9592~16 
FIGURE 1-16. Input Characteristics— ’F244 


The characteristics of an input Schottky clamp diode are 
shown in Figure 1-17, for much larger values of current than 
those of Figures 1-15 and 7-76. The purpose of the clamp 
diode is to limit undershoot at the end of a line following a 
HIGH-to-LOW signal transition. For example, an output sig- 
nal change from +3.5V to +0.5V into a 1000 line propa- 
gates to the end of the line, accompanied by a 30 mA cur- 
rent change. If the line is terminated in a high impedance 
the 3V signal change doubles, driving the terminal voltage 
down to —2.5V. With the clamp diode, however, the nega- 
tive excursion would be limited to about —0.7V. The same 
HIGH-to-LOW signal change on a 509 line would be 
clamped at about —1.0V. Figure 7-18 shows the typical 
breakdown characteristics for a FAST input. 
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TL/F/9592-17 
FIGURE 1-17. Input Characteristics— ’F00 or ’F244 
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TL/F/9592-18 
FIGURE 1-18. Input Characteristics— ’F00 or ’F244 





TRI-STATE® Outputs 


A partial schematic of a circuit having a TRI-STATE output 
is shown in Figure 1-79. When the internal Output Enable 
(OE) signal is HIGH, the circuit operates in the normal fash- 
ion to provide HIGH or LOW output drive characteristics. 
When OE is LOW, however, the bases of Q1, Q2 and Q5 
are pulled down. In this condition the output is a high imped- 


. let 


ance. In this High Z condition, the output leakage is guaran- 
teed not to exceed 50 A. In the case of a transceiver, each 
data pin is an input as well as an output and the leakage 
specification is increased to 70 pA. In the High Z state, 
output capacitance averages about 5 pF for a 20 mA output 
and about 12 pF for a 64 mA output. 


Voc 


TL/F/9592-19 


FIGURE 1-19. Typical TRI-STATE Input Control 
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Circuit Characteristics 


Glossary 


Currents—Positive current is defined as conventional cur- 
rent flow into a device. Negative current is defined as con- 
ventional current flow out of a device. All current limits are 
specifed as absolute values. 


Icc Supply Current—The current flowing into the Vcc sup- 
ply terminal of a circuit with the specified input conditions 
and the outputs open. When not specified, input conditions 
are chosen to guarantee worst-case operation. 


1 Input HIGH Current—The current flowing into an input 
when a specified HIGH voltage is applied. 


lL Input LOW Current—The current flowing out of an input 
when a specified LOW voltage is applied. 


lon Output HIGH Current—The current flowing out of the 
output when it is in the HIGH state. For a turned-off open- 
collector output with a specified HIGH output voltage ap- 
plied, the Igy is the leakage current. 


lo. Output LOW Current—The current flowing into an out- 
put when it is in the LOW state. 


log Output Short Circuit Current—The current flowing out 
of a HIGH-state output when that output is short circuited to 
ground (or other specified potential). 

lozH Output OFF Current HIGH—The current flowing into 
a disabled TRI-STATE output with a specified HIGH output 
voltage applied. 

loz_ Output OFF Current LOW—The current flowing out of 
a disabled TRI-STATE output with a specified LOW output 
voltage applied. 

Voltages—All voltages are referenced to the ground pin. 
Negative voltage limits are specified as absolute values (i.e., 
—10.0V is greater than —1.0V). 


Vcc Supply Voltage—The range of power supply voltage 
over which the device is guaranteed to operate within the 
specified limits. : 


Vep (Max) Input Clamp Diode Voltage—The most nega- 
tive voltage at an input when a specified current is forced 
out of that input terminal. This parameter guarantees the 
integrity of the input diode, intended to clamp negative ring- 
ing at the input terminal. 


Vin Input HIGH Voltage—The range of input voltages that 
represents a logic HIGH in the system. 


Vin (Min) Minimum Input HIGH Voltage—The minimum 
allowed input HIGH in a logic system. This value represents 
the guaranteed input HIGH threshold for the device. 


Vit Input LOW Voltage—The range of input voltages that 
represent a logic LOW in the system 


Vit (Max) Maximum Input LOW Voltage—The maximum 
allowed input LOW in a system. This value represents the 
guaranteed input LOW threshold for the device. 


Vou (Min) Output HIGH Voltage—The minimum voltage at 
an output terminal for the specified output current Ioy and 
at the minimum value of Voc. 


Voi (Max) Output LOW Voltage—The maximum voltage 
at an output terminal sinking the maximum specified load 
current IoL. 


VT+ Positive-Going Threshold Voltage—The input volt- 
age of a variable threshold device (i.e., Schmitt Trigger) that 
is interpreted as a Vip as the input transition rises from be- 
low VT — (Min). 


VT— Negative-Going Threshold Voltage—The input volt- 
age of a variable threshold device (i.e., Schmitt Trigger) that 
is interpreted as a V\,_ as the input transition falls from above 
VT+ (Max). 


AC Switching Parameters 


f, Maximum Transistor Operating Frequency—tThe fre- 
quency at which the gain of the transistor has dropped by 
three decibels. 


fmax Toggle Frequency/Operating Frequency—The 
maximum rate at which clock pulses may be applied to a 
sequential circuit. Above this frequency the device may 
cease to function. 


tpLy Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined LOW level to the defined HIGH level. 


tpy_ Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined HIGH level to the defined LOW level. 


ty Pulse Width—The time between 1.5V amplitude points 
on the leading and trailing edges of a pulse. 


th Hold Time—The interval immediately following the active 
transition of the timing pulse (usually the clock pulse) of 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its continued recogni- 
tion. A negative hold time indicates that the correct logic 
level may be released prior to the active transition of the 
timing pulse and still be recognized. 


ts Setup Time—tThe interval immediately preceding the ac- 
tive transition of the timing pulse (usually the clock pulse) or 
preceding the transition of the control input to its latching 
level, during which interva! the data to be recognized must 
be maintained at the input to ensure its recognition. A nega- 
tive setup time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing 
pulse and still be recognized. 


tpyz Output Disable Time (of a TRI-STATE Output) from 
HIGH Level—tThe time between the 1.5V fevel on the input 
and a voltage 0.3V below the steady state output HIGH lev- 
el with the TRI-STATE output changing from the defined 
HIGH level to a high impedance (OFF) state. 


tp_z Output Disable Time (of a TRI-STATE Output) from 
LOW Level—The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 


tpz} Output Enable Time (of a TRI-STATE Output) to a 
HIGH Level—The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 


tpz_ Output Enable Time (of a TRI-STATE Output) to a 
LOW Level—The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a LOW lev- 
el. 

tree Recovery Time—The time between the 1.5V level on 
the trailing edge of an asynchronous input control pulse and 
the same level on a synchronous input (clock) pulse such 
that the device will respond to the synchronous input. 





Logic Symbols and Terminology 


The definitions of LOW and HIGH logic levels are: LOW- a 
voltage defined by Vi_; HIGH- a voltage defined by Viy. A 
LOW condition represents logic ‘0’; a HIGH condition, logic 
Be 

The logic symbols used to represent the FAST devices fol- 
low MIL-STD-806B for logic symbols. Elements are repre- 
sented by rectangular blocks with appropriate external 
AND/OR gates when necessary. A small circle at an exter- 
nal input means that the specific input is active-LOW; (it 
produces the desired function, in conjunction with other in- 
puts, if its voltage is the lower of the two logic levels in the 
system). A circle at the output indicates that when the func- 


tion designated is true, the output is LOW. Generally, inputs 
are at the top and left and outputs appear at the bottom and 
right of the logic symbol. An exception is the asynchronous 
Master Reset in some sequential circuits which is always at 
the left hand bottom corner. 


Inputs and outputs are labeled with mnemonic letters as 
illustrated in Table 1-1. Note that an active LOW function 
labeled outside of the logic symbol is given a bar over the 
label, while the same function inside the symbol is labeled 
without the bar. When several inputs or outputs use the 
same letter, subscript numbers starting with zero are used in 
an order natural for device operation. 


TABLE 1-1 


Label | Meaning 


lx General term for inputs to 
combinatorial circuits. 


Inputs to JK, SR and D 
flip-flops and latches. 


Address or Select inputs, used to select an 
input, output, data route, junction, or 
memory location. 


Enable, active LOW on all TTL/MSI. A latch 
can receive new data when its Enable input 
is in the active state. 


Example 


5 
' F151 


TL/F/9592-20 


TL/F/9592-21 


‘F259 


MR Qo Qy Qo Qz Qy Qs Qg Q7 


TL/F/9592-22 


Dg Dy Dz Ds Dy Dg Dg 07 
F373 


TL/F/9592~23 





SONSIO}OILYD YUNIIID 





Circuit Characteristics 


Logic Symbols and Terminology (continued) 
TABLE 1-1 (Continued) 


Label | Meaning _ Example 


PE Parallel Enable, a control input used to 
synchronously load information in parallel 
into an otherwise autonomous circuit. 


Parallel data inputs to shift registers and 
counters. 


TL/F/9592-24 


Parallel Load; similar to Parallel Enable 
except that PL overrides the clock and 
forces parallel loading asynchronously. 


TL/F/9592~25 


Master Reset, synchronously resets alll *R = MR on'F160A/"F161A 
outputs to zero, overriding all other inputs. SR on 'F162A/"F163A 


Synchronous Reset, resets all outputs 
to zero with active edge of clock. 


TL/F/9592-26 


Clock Pulse, genrally a HIGH-to-LOW-to-HIGH 
transition. An active HIGH clock (no circle) 
means outputs change on LOW-to-HIGH 
clock transition 

Clock Enable inputs for counters. 


TL/F/9592-27 


General terms for outputs of 
combinatorial circuits 


loa Ste lob Mb loc Ne lod hte 


"F258 


TL/F/9592-28 





Logic Symbols and Terminology (continued) 
TABLE 1-1 (Continued) 


Example 


Qy General term for latch and flip-flop outputs. 
If they pass through an enable gate before 
exiting the package, Q or Q changes to 
OorO. 
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TC Terminal Count output (1111 for up binary 
counters, 1001 for up decimal counters, or 
0000 for down counters). 





TL/F/9592-29 


OE Output Enable, used to force TRI-STATE 
outputs into the high impedance state. 









Do D, Dy Ds Dy Dg Dg Dy 


‘F374 
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This nomenclature is used throughout this book and may 2. National devices, after removal from their shipping mate- 

differ from nomenclature used on other data books, where rial, should be placed leads down on a grounded surface. 

outputs use alphabetic subscripts or use number sequences Under no circumstances should they be placed in polysty- 

starting with one. rene foam or non-conducting plastic trays used for ship- 
: ; ment and handling of conventional ICs. 

Handling Precautions for 3. Individuals and tools should be grounded before coming 

Semiconductor Components in contact with these devices. 


The following standard handling precautions should be ob- 4. Do not insert or remove devices in sockets with power 


served for oxide isolation, shallow junction processed parts, applied. Ensure that power supply transients, such as oc- 
such as FAST or 100k ECL: cur during power turn-on or off, do not exceed maximum 


ratings. 

5. After assembly on PC boards, ensure that static dis- 
charge cannot occur during handling, storage or mainte- 
nance. Boards may be stored with their connectors sur- 
rounded with conductive foam. 


1. All National devices are shipped in conducting foam or 
antistatic tubes. When they are removed for inspection or 
assembly, proper precautions should be used. 





Section 2 
Ratings, Specifications 
and Waveforms 
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Ratings, Specifications and Waveforms 


For convenience in system design, the input loading and 
fan-out characteristics of each circuit are specified in terms 
of unit loads. 


One unit load in the HIGH state is defined as 20 A; thus 
both the input HIGH leakage current, ly, and the output 
HIGH current-sourcing capability, IoyH, are normalized 
to 20 pA. The specified li for a typical FAST® single load 
input is 20 pA or 1.0 U.L. The Igy rating for a FAST output 
depends upon whether the device has a standard or 
TRI-STATE® output or if the device is a buffer/line driver. 
The Ioy rating for a standard FAST device is 1.0 mA or 50 
U.L., while TRI-STATE is 3.0 mA or 150 U.L. and line driver/ 
buffers specify loy of 12.0 mA or 600 ULL. 


Similarly, one unit load in the LOW state is defined as 
0.6 mA and both the input LOW current, I)_, and the output 
LOW current-sinking capability, !o,, are normalized to 
0.6 mA. The specified maximum l)_ for a typical FAST single 
load input is 0.6 mA or 1.0 U.L. However, the Io, rating 
differs among standard, TRI-STATE and buffer/line driver 
outputs. The Io, rating for a standard output is 20 mA or 
33.3 U.L. FAST devices with TRI-STATE outputs specify lo, 
at 24 mA or 40 ULL. for commercial temperature range and 
20 mA or 33.3 U.L. for military temperature range. The Ioy 
rating for a FAST buffer/line driver output is 64 mA or 
106.6 U.L. for the commercial temperature range and 48 mA 
or 80 U.L. over the military temperature range. 


On the data sheets the input and output load factors are 
listed in the Input Loading/Fan-Out table. The tables from 


the 54F/74F373 Transparent Latch and the 29F52 Regis- 
tered Transceiver are reproduced below. 


In the second column from the right, the 54F/74F373 input 
HIGH/LOW load factors are 1.0/1.0 with the first number 
representing lj and the second representing li_. The 29F52 
has input HIGH/LOW load factors of 1.0/1.0 for the typical 
FAST single load inputs and 3.5/1.083 for the register in- 
puts. For testing procurement purposes, these unit load 
specifications can easily be translated into actual test limits 
by multiplying the HIGH/LOW load factors by 20 pA and 
0.6 mA respectively. The current limits are listed as well. 


Also in this column are the output HIGH/LOW output load 
factors, with the first number representing Inq and the sec- 
ond representing lo. These load factors can be translated 
to actual test limits by multiplying them by 20 pA and 0.6 mA 
respectively. These are shown in the far right column. The 
54F/74F373 output HIGH/LOW drive factors are 
150/40 (33.3) which translate into an Ioy of 3.0 MA and IoL 
of 24 mA for commercial grade and 20 mA for military 
grade. The 29F52 A-Register outputs are TRI-STATE out- 
puts with HIGH/LOW drive factors of 150/40 (33.3) indicat- 
ing an Ioy of 3 MA and Io, of 24 mA for commercial and 
20 mA for military. The B-Register outputs specify unit load 
factors of 600/106.6 (80) translating into an loy of 12 mA 
and lo, of 64 mA for commercial and 48 mA for military. 


Unit Loading/Fan Out 29F52: see Section 2 for U.L. definitions 


54F/74F 


Description 


3.5/1.083 
150/40 (33.3) 
3.5/1.083 
600/106.6 (80) 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 


A-Register Inputs 
A-Register Outputs 
B-Register Inputs 
B-Register Outputs 
Output Enable A-Register 
A-Register Clock 
A-Register Clock Enable 
Output Enable B-Register 
B-Register Clock 
B-Register Clock Enable 


U.L. Input tyy/lin 
HIGH/LOW Output Ion/loL 


70 A/0.65 mA 
—3 mA/24 mA (20 mA) 
70 »A/0.65 mA 
—12 mA/64 mA (48 mA) 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
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Unit Loading/Fan Out a ——eeee See Section 2 for U.L. definitions 


Description ULL. Input Ff 
HIGH/LOW Output Ion/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input (Active HIGH) 1.0/1.0 20 pA/—-0.6 mA 
Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Latch Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 


Ratings, Specifications and Waveforms 


AC Loading and Waveforms 


Figure 2-1 shows the AC loading circuit used in characteriz- 
ing and specifying propagation delays of all FAST devices, 
unless otherwise specified in the data sheet of a specific 
device. The use of this load, which differs somewhat from 
previous practice, provides more meaningful information 
and minimizes problems of instrumentation and customer 
correlation. In the past, +25°C propagation delays for TTL 
devices were specified with a load of 15 pF to ground; this 
required great care in building test jigs to minimize stray 
capacitance, and implied the use of high impedance, high 
frequency scope probes. FAST circuits changed to 50 pF of 
capacitance allowing more leeway in stray capacitance and 
also loading the device during rising or falling output tran- 
sitions. This more closely resembles the loading to be ex- 
pected in average applications and thus gives the designer 
more useful delay figures. The net effect of the change in 
AC load is to increase the observed propagation delay by an 
average of about 1 ns. 


The 5002 resistor to ground, in Figure 2-7, acts as a ballast, 
to slightly load the totem-pole pull-up and limit the quiescent 
HIGH-state voltage to about +3.5V. Otherwise, an output 


would rise quickly to about + 3.5V but then continue to rise 
very slowly to about +4.4V. On the subsequent HIGH-to- 
LOW transition the observed tpy_ would vary slightly with 
duty cycle, depending on how long the output voltage was 
allowed to rise before switching to the LOW state. Perhaps 
more importantly, the 5002 resistor to ground can be a high 
frequency passive probe for a sampling scope, which costs 
much less than the equivalent high impedance probe. Alter- 
natively, the 5009 load to ground can simply be a 4500 
resistor feeding into a 500 coaxial cable leading to a sam- 
pling scope input connector, with the internal 509 termina- 
tion of the scope completing the path to ground. Note that 
with this scheme there should be a matching cable from the 
device input pin to the other input of the sampling scope; 
this also serves as a 502 termination for the pulse genera- 
tor that supplies the input signal. 


Also shown in Figure 2-1 is a second 5000 resistor from the 
device output to a switch. For most measurements this 
switch is open; it is closed for measuring a device with 
open-collector outputs and for measuring one set of the En- 
able/Disable parameters (LOW-to-OFF and OFF-to-LOW) 
of a TRI-STATE output. With the switch closed, the pair of 
5002 resistors and the +7.0V supply establish a quiescent 
HIGH level of +3.5V, which correlates with the HIGH level 
discussed in the preceding paragraph. 


Figure 2-5 shows that the Disable times are measured at 
the point where the output voltage has risen or fallen by 
0.3V from the quiescent level (i.e., LOW for tp_z or HIGH for 
tpHz), compared to a AV of 0.5V used in previous practice. 
This change enhances the repeatability of measurements 
and gives the system designer more realistic delay times to 


use in calculating minimum cycle times. Since the rising or 
falling waveform is RC-controlled, the first 0.3V of change is 
more linear than the first 0.5V and is less susceptible to 
external influences. More importantly, perhaps, from the 
system designer’s point of view, a AV of 0.3V is adequate to 
ensure that a device output has turned OFF; measuring to a 
AV of 0.5V merely exaggerates the apparent Disable time 
and thus penalizes system performance, since the designer 
must use the Enable and Disable times to devise worst-case 
timing signals to ensure that the output of one device is 
disabled before that of another device is enabled. 


Figure 2-2 describes the input signal voltages recommend- 
ed for use when testing FAST circuits. The AC input signal 
levels follow industry convention of Vij switching 0 to 3 
volts. DC low input levels are typically 0 to Vj_, and high 
input levels are typically Vjy to Voc. Input thresholds are 
guaranteed during Vo, and Vox tests. High level noise im- 
munity is the difference between Voy and Vip. Low level 
noise immunity is the difference between Vi_ and VoL. 
Noise-free Vi or Vi_ levels should not induce a switch on 
the appropriate output of the FAST device. When testing in 
an automatic test environment, extreme caution should be 
taken to ensure that input levels plus noise do not go into 
the transition region. 


Good high frequency wiring practices should be used in 
constructing test jigs. Leads on the load capacitor should be 
as short as possible to minimize ripples on the output wave- 
form transitions and to minimize undershoot. Generous 
ground metal (preferably a ground plane) should be used for 
the same reasons. A Vcc bypass capacitor should be pro- 
vided at the test socket, also with minimum lead lengths. 
Input signals should have rise and fall times of 2.5 ns and 
signal swing of OV to +3.0V. Rise and fall times < 1 ns 
should be used for testing fmax or pulse width. A 1.0 MHz 
square wave is recommended for most propagation delay 
tests. The repetition rate must necessarily be increased for 
testing fmax- A 50% duty cycle should always be used when 
testing fmax- Two pulse generators are usually required for 
testing such parameters as setup time, hold time, recovery 
time, etc. 


Precautions should be taken to prevent damage to devices 
by electrostatic charge. Static charge tends to accumulate 
on insulated surfaces, such as synthetic fabrics or carpet- 
ing, plastic sheets, trays, foam, tubes or bags, and on un- 
grounded electrical tools or appliances. The problem is 
much worse in a dry atmosphere. In general, it is recom- 
mended that individuals take the precaution of touching a 
known ground before handling devices. To effectively avoid 
electrostatic damage to FAST devices it may be necessary 
for individuals to wear a grounded wrist strap when handling 
devices. 





CLOCK OR 
CONTROL 


ton; tpiz»0-C. ALL OTHER 


INPUT 


TL/F/9600-1 


*Includes jig and probe capacitance TL/F/9600-4 


FIGURE 2-1. Test Load FIGURE 2-4. Propagation Delay, 
Pulse Width Waveforms 


OUTPUT 
CONTROL 


TL/F/9600-5 
FIGURE 2-5. TRI-STATE Output HIGH 
and LOW Enable and Disable Times 
D.C. HIGH | HIGH Level | LOW Level | Transition 
Input Levels | Input Range | Input Range Nolse Noise Region 
Immunity Immunity 
TL/F/9600-2 
FIGURE 2-2. Test Input Signal Levels 


CLOCK OR 
CONTROL 


TL/F/9600-6 
FIGURE 2-6. Setup Time, Hold Time 
TL/F/9600-3 and Recovery Time Waveforms 
FIGURE 2-3. Propagation Delay Waveforms for 
Inverting and Non-Inverting Functions 





SUWJOJBARAA PUP SUOI]BOIJIOadS ‘sHuljey 


Ratings, Specifications and Waveforms 


Absolute Maximum Ratings note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful fife impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


-0.5V to Voc 
~0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ae ae ae 


Vin Input HIGH [input HIGH Voltage 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 


VIL Input LOW Voltage ee le Recognized as a LOW Signal 
Input Clamp Diode Voltage ee er lin = —18mA, Non 1/0 Pins 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 





lon = —1 mA, Standard or TRI-STATE Outputs 
= —3 mA, TRI-STATE or Buffer/Line Driver Outputs 
—12 mA, Buffer/Line Driver Outputs 
= —1mA, Standard or TRI-STATE Outputs 
= —3 mA, TRI-STATE or Buffer/Line Driver Outputs 
= —12 mA, Buffer/Line Driver Outputs 
= —1 mA, Standard or TRISTATE Outputs 
—3 mA, TRI-STATE or Buffer/Line Driver Outputs 
lou = —15 mA, Buffer/Line Driver Outputs 


lo = 20 mA, Standard or TRI-STATE Outputs 
lo. = 48 mA, Buffer/Line Driver Outputs 
Vv lo. = 20 mA, Standard Outputs 
lo. = 24 mA, TRI-STATE Outputs 
lo, = 64 mA, Buffer/Line Driver Outputs 


Input LOW Current 


mA | Max | Vin = 0.5V, 1.0 ULL. Input 
mA | Max | Vin = 0.5V, 2.0 ULL. Input 
Vin = 0.5V, n ULL. Input 


Ipvi Input HIGH Current ae liege Vin = 7.0V, Non I/O Pins 
Breakdown Test c 

levit Input HIGH Current mA Vin = 5.5V, I/O Pins 
Breakdown Test eee a 


lozH | Output Leakage Current Leakage Current 


| Max } Vour = 2.7V, TRISTATE Outputs, Non I/O 


loz- Output Leakage Current 2 Vout = 0.5V, TRI-STATE Outputs, Non I/O 
ly + lozH | Output Leakage Current 0 | Max | Vivo = 2.7V, I/O Pins 





DC Electrical Characteristics (continued) 


54F/74F 
Symbol Parameter 
Min Typ Max 
lit + loze Output Leakage Current pA 
60 


los Output Short-Circuit Current = —150 m. 
—100 — 225 mA 


> 


Output HIGH Leakage Current 50 
Bus Drainage Test 


Open Collector, Output 
OFF Leakage Test 


> 


3 
> 


Power Supply Current 


= 
ry 
x 


| 
> 
a < 
re) 
< ) 


Power Supply Current 


= =e IE 
> 


3 
> 


3 
> 
= 
=) 
* 


Power Supply Current 


Conditlons 


Vio = 0.5V, I/O Pins 


Vout = OV, Standard or TRI-STATE Outputs 
Vout = OV, Buffer/Line Driver Outputs 


Vout = Vcc 
Vout = Vcc, TRI-STATE Outputs 


Vout = Vcc, 0.C. Outputs 


Vout = HIGH 
Vout = LOW 
Vout = HIGH Z 
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Design Considerations 


FAST® is a high-speed logic family that achieves speeds 
typically 30% faster than the Schottky family with a corre- 
sponding power reduction of approximately 75%. It is fabri- 
cated with an advanced oxide isolation technique, Isoplanar 
Il, which produces transistors with very high, well-controlled 
switching speeds, extremely small parasitic capacitances 
and fr in excess of 5 GHz. 


Since the family is designed to be pin-compatible with other 
TTL families such as Schottky, Low Power Schottky and 
standard TTL, existing designs can be easily upgraded. 
FAST logic offers significant improvement over the Schottky 
family in addition to improved speed and power specifica- 
tions. Other key advantages are higher input threshold lev- 
els (improving noise margins), reduced input loading, and 
increased output drive. The FAST family contains a full com- 
plement of circuits for more efficient design capabilities: 
small scale integration, medium scale integration and large 
scale integration. 


Fairchild engineers had some specific design objectives in 
mind when they developed the FAST logic family. The pri- 
mary objective was the improvement of the circuit speed- 
power performance versus earlier TTL families. Another im- 
portant objective was increasing threshold levels to improve 
DC noise immunity. Other goals were maintaining or improv- 
ing the output drive of Schottky for improved line driving 
capability, and reducing input loading for increasing the 
overall fanout out of the family. Output and input voltage 
levels, functions and pinouts were standardized to previous 
TTL families to maintain compatibility. 


The primary design consideration was to improve speed 
while reducing power. The speed of any device is limited by 
the charge storage of the transistors. The time required to 
remove this charge is proportional to the capacitance and 
current available. Thus, to improve the speed, either the 
internal resistor values must be lowered to increase the 
available current and therefore remove the charge faster, 
such as in the Schottky family, or the capacitance must be 
reduced. 


The speed-power curve shown in Figure 3-1a was used em- 
pirically to determine the optimum operating power level for 
the FAST family. Several internal gates programmed at a 
variety of power levels were produced on a wafer and the 
propagation delay of an internal gate for each power level 
was measured. 


TL/F/9607~1 


STIL WeTTl 





POWER DISSIPATION = mW 





8 10 12 14 


GATE DELAY = ns 
TL/F/9607~2 
FIGURE 3-1. Speed-Power Product 


As can be seen from the curves, power levels significantly 
below 4 mW per gate exhibit a dramatic degradation in per- 
formance. Power levels significantly above 4 mW, however, 
appear to have passed the point of diminishing returns with 
only minor improvements in propagation delay resulting 
from increased power. it was therefore concluded that the 
FAST family could be biased at 4 mW achieving a 1.75 ns 
propagation delay. 
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Design Considerations 


Figure 3-1b compares the FAST logic family with previous 
TTL and ECL logic families. Each curve groups families with 
similar technologies. The first line, known as “gold doped,” 
groups together the 7400 and the 74H families into one 
technology grouping. These saturating logic families can be 
seen to have a relatively poor speed-power curve. 


The second curve notes the Schottky, Low Power Schottky 
and 10k ECL families. They use non-gold doped, soft satu- 
rated (Baker clamped) or current steering logic in order to 
achieve their speed-power performance; however, they still 
employ the planar technology. The last curve, which shows 
the FAST family with its ECL counterpart, the 100k ECL 
family, employs the Isoplanar technology. With FAST Iso- 
planar technology, 3 ns propagation delays at only 4 mW 
power dissipation are achieved with SS! devices. 


Threshold and Noise Margins 


The noise margins most often cited for TTL obtained by 
subtracting the guaranteed maximum input HIGH level, Vip, 
of a driven input from the guaranteed minimum output HIGH 
level, Voy, of the driving source, and subtracting the guar- 
anteed maximum output LOW level, Vo_, of the driver from 


the guaranteed minimum input LOW level, Vi_, of a driven 
circuit. The guaranteed worst-case values of these parame- 
ters vary slightly among the various circuit families and are 
summarized in Table Ill-l. Note that although the 9000 Se- 
ries Viy and V\ specifications have different limits at differ- 
ent temperatures, they are grouped with the 54/74 family in 
the table as a matter of convenience. Note also that the 
VoL limit listed for 74LS is 0.5V, whereas these circuits are 
also specified at 04.V at a lower level of lo_. Noise margins 
calculated in this manner are quite conservative, since it is 
assumed that both the driver output characteristics are 
worst-case and that Vcc is on the low side for the driver and 
on the high side for the receiver. 


Figure 3-2 shows how load capacitance affects the propa- 
gation delay of Low Power Schottky, Schottky and FAST 
gates, flip-flops, registers and decoders, etc. As would be 
expected, Low Power Schottky TTL shows greater sensitivi- 
ty since LS output drive capability is not as great as either 
Schottky or FAST. Significantly, FAST is less affected than 
Schottky by load capacity. Figure 3-2 shows propagation 
delay versus load capacitance for buffers and line drivers 
since they are designed for greater output drive. 


TABLE Ill-!. Parameter Limits 


TTL Families 


Military 
(—55°C to + 125°C 


Commercial 
(0°C to + 70°C) 


Vi. Vin Vou. Vou 


1H ~— Vor_~—CVon 
2.0 0.4 2.4 


Standard TTL, 9000, 54/74 0.8 
54F/74F 0.8 
Schottky TTL, 54S/74S, 93S 0.8 
Low Power Schottky TTL, 54LS/74LS 0.7 


2.0 
2.0 
2.0 


0.8 2.0 0.4 2.4 
0.5 2.4 0.8 2.0 0.5 2.5 
0.5 2.5 0.8 2.0 0.5 2.7 
0.4 2.5 0.8 2.0 0.5 2.7 


Vo and Voy are the voltages generated at the output. Vi_ and Vi}; are the voltages required at the input to generate the appropriate levels. The numbers given 


above are guaranteed worst-case values for standard outputs. 











teLy> teu = PROPAGATION DELAY=ns 


C, = LOAD CAPACITANCE = pF 
TL/F/9607-3 
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C_- LOAD CAPACITANCE = pF 
TL/F/9607-4 


FIGURE 3-2. Propagation Delay vs Load Capacitance 





Threshold and Noise 


Margins (Continued) 


Notice also that for Schottky, the HIGH-to-LOW output tran- 
sition is more affected than its LOW-to-HIGH transition, 
while for FAST both transitions are equally affected. This 
indicates a better balance in the design of the FAST output, 
and minimizes pulse stretching and compressing. 


Designers are cautioned that curves of this type do not ap- 
ply when the load capacitance is distributed along an inter- 
connection. 


Test and Specification 


Improvements 


Because the circuitry and technological improvements 
(feedback and speedup diodes and the Miller Killer circuitry) 
yield well-controlled AC parameters, the FAST family can be 
specified over extremes of external influences. FAST is the 
first TTL logic family which does not require derating esti- 
mates for worst-case design. This has been accomplished 
by specifying minimum and maximum propagation delays 
over the operating temperature and supply voltage ranges 
with 50 pF loading. 


In order to achieve easier correlation with our customers’ 
needs, a change in the actual AC test load was needed. 
Previously, most TTL families were measured with three se- 
rial diodes in parallel with the load capacitor. For the FAST 
logic family, a 50 pF capacitance in parallel with a 5000 
resistor is employed. This facilitates fabrication of low ca- 
pacitance test jigs. It also provides better correlation with 
customers’ measurements of propagation delay. Passive 
5002 scope probes, which are less expensive and easier to 
use than the high impedance FET input scope probes, can 
be employed. This facilitates measurement of the AC per- 
formance on automatic test equipment and yields more con- 
servative AC figures than are achieved with the previous AC 
load technique. 


Design Considerations 


There are areas of concern which need to be addressed 
when designing with any high performance logic family. 
These topics include: transmission line concepts, printed 
circuit board layout, interfacing between technologies, open 
collector outputs, fanout, and unused inputs. 


For additional information, please refer to National’s FAST 
Applications Handbook. 


Transmission Lines 


Practical transmission lines, cables and strip lines used for 
TTL interconnections hiave a characteristic impedance be- 
tween 30N and 1502. FAST is capable of driving a 502 line 
under worst-case conditions. 


These considerations, applicable only when the round trip 
delay of the line is longer than the rise or fall time of the 
driving signal (2td > tr), do not affect most TTL interconnec- 
tions. Short interconnections do not behave like a resistive 
transmission line, but more like a capacitive load. Since the 
rise time of different TTL outputs is known, the longest inter- 
connection that can be tolerated without causing transmis- 
sion line effects can easily be calculated and is listed in 
Table Ill-Il. 
TABLE lil-Il. PC Board Interconnections 


Interconnection 
TTLEamily | Rise Time| Fall Time | 2% Interconne 
Length 


18 in. (45 cm) 
9 in. (22.5 cm) 


Assuming 1.7 ns/foot propagation speed, typical for epoxy fiberglass PC 
boards with e, = 4.7. 

Slightly longer interconnections show minimal transmission 
line effects; the longer the interconnections, the greater the 
chance that system performance may be degraded due to 
reflections and ringing. 


Transmission Line Effects 


The fast rise and fall times of TTL outputs (2.0 ns to 6.0 ns) 
produce transmission line effects even with relatively short 
(<2 ft) interconnections. Consider one TTL device driving 
another and switching from the LOW to the HIGH state. If 
the propagation delay of the interconnection is long com- 
pared to the rise time of the signal, the arrangement be- 
haves like a transmission line driven by a generator with a 
non-linear output impedance. Simple transmission line theo- 
ry shows that the initial voltage step at the output just after 
the driver has switched is 
Vere 

Zo + Ro 
where Zo is the characteristic impedance of the line, Ro is 
the output impedance of the driver, and V¢ is the equivalent 
output voltage source in the driver, (i.e., Vcc minus the for- 
ward drop of the pull-up transistors). 


Figure 3-3 shows how the initial voltage step can be deter- 
mined graphically by superimposing lines of constant im- 
pedance of the static input and output characteristics of TTL 
elements. The constant impedance lines are drawn from the 
intersection of the Vij and Vo, characteristics which is the 
quiescent condition preceding a LOW-to-HIGH transition. 
After this transition the Voy characteristic applies, and the 
intersection of a particular impedance line with the Vox 
characteristic determines the initial voltage step. The Voy 
characteristic shown in Figure 3-3 has an Ro of about 809 
and Ve of approximately 4.0V, for calculation purposes. 


VouT = 
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Transmission Line Effects (continued) 


1mA 


TL/F/9607-5 


FIGURE 3-3. Initial Output Voltage of TTL Driving Transmission Line 


This initial voltage step propagates down the line and re- 
flects at the end, assuming the typical case where the line is 
open-ended or terminated in an impedance greater than its 
characteristic impedance Zo. Arriving back at the source, 
this reflected wave increases Voy. If the total round-trip 
delay is larger than the rise time of the driving signal, there 
is a staircase response at the driver output and anywhere 
along the line. If one of the loads (gate inputs) is connected 
to the line close to the driver, the initial output voltage Vout 
might not exceed Vj. This input is then undetermined until 
after the round trip of the system. Figure 3-4 shows the ’F00 
driver output waveform for four different line impedances. 


a. 


UNDEFINED LOGIC LEVEL 


ns 
150 


TL/F/9607-6 


UNDEFINED LOGIC LEVEL 


ns 
150 


TL/F/9607-7 


For Zo of 25N and 500, the initial voltage step is in the 
threshold region of a TTL input and the output voltage only 
rises above the guaranteed 2.0V Vj, level after a reflection 
returns from the end of the line. If Vout is increased to 
> 2.0V, by either increasing Zo or decreasing Ro, additional 
delay does not occur. Ro is characteristic of the driver out- 
put configuration, varying between the different TTL speed 
categories. Zo can be changed by varying the width of the 
conductor and its distance from ground. Table III-IIl lists the 
lowest transmission line impedance that can be driven by 
different TTL devices to insure an initial voltage step of 


Cc. 


SZAINDEFINED LOGIC LEVEL 


ns 
150 


TL/F/9607-8 


UNDEFINED LOGIC LEVEL 


ns 
50 150 


TL/F/9607-9 


FIGURE 3-4. TTL Driving Transmission Line 
Note that the worst-case value, assuming a +30% tolerance on the current limiting resistor and a —10% tolerance on Vcc, is 


80% higher than the value for nominal conditions. 





Transmission Line Effects (continued) 


TABLE Ill-Ill. Transmission Line Driving Capability 


Lowest Transmission Line Impedance 


Collector 


TTL Family or Resistor 


Device 


54/74 
54S/74S 
5440/7440 
54S/74S40 
54F/74F00 
54F/74F258 
54F/74F240 


Supply Voltage (Vcc) 


A graphical method provides excellent insight into the ef- 
fects of high-speed digital circuits driving interconnections 
acting as transmission lines. A load line is drawn for each 
input and output situation. Each load line starts at the previ- 
ous quiescent point, determined where the previous load 
line intersects the appropriate characteristic. The magnitude 
of the slope of the load lines is identical and equal to the 
characteristics impedance of the line, but alternate load 
lines have opposite signs representing the change in direc- 
tion of current flow. The points where the load lines inter- 
sect the input and output characteristics represent the volt- 
age and current value at the input or output, respectively, for 
that reflection. The results, Figure 3-5, are shown with and 
without the input diode and illustrate how the input diode on 
TTL elements assists in eliminating spurious switching due 
to reflection. 


Transmission Line Concepts 


The interactions between wiring and circuitry in high-speed 
systems are more easily determined by treating the inter- 
connections as transmissions lines. A brief review of basic 
concepts is presented and simplified methods of analysis 


a. With Input Diode 
- - - Theoretical 


== Actual 


80 100 120 140 160 180 
TL/F/9607-10 


Worst Case 
RN (R + 30%) 


Best Case 
(R — 30%) 


are used to examine situations commonly encountered in 
digital systems. Since the principles and methods apply to 
any type of logic circuit, normalized pulse amplitudes are 
used in sample waveforms and calculations. 


Simplifying Assumptions 

For the great majority of interconnections in digital systems, 
the resistance of the conductors is much less than the input 
and output resistance of the circuits. Similarly, the insulating 
materials have very good dielectric properties. These cir- 
cumstances allow such factors as attenuation, phase distor- 
tion and bandwidth limitations to be ignored. With these sim- 
plifications, interconnections can be dealt with in terms of 
characteristic impedance and propagation delay. 


Characteristic Impedance 


The two conductors that interconnect a pair of circuits have 
distributed series inductance and distributed capacitance 
between them, and thus constitute a transmission line. For 
any lenath in which these distributed parameters are con- 
stant, the pair of conductors have a characteristic imped- 


b. Without Input Diode 


- - - Theoretical 


ee ee 
0 20 40 80 100 120 140 160 180 


TL/F/9607-11 


FIGURE 3-5. Ringing Caused by Reflections 
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Characteristic Impedance (continues) 


ance Zq. Where quiescent conditions on the line are deter- 
mined by the circuits and terminations, Z@ is the ratio of 
transient voltage to transient current passing by a point on 
the line when a signal change or other electrical disturbance 
occurs. The relationship between transient voltage, tran- 
sient current, characteristic impedance, and the distributed 
parameters is expressed as follows: , 


V/L= Zo = \Lo/Co et 
where Lo = inductance per unit length, and Co = capaci- 


tance per unit length. Zo is in ohms, Lo if henries, and Co 
in farads. 


Propagation Velocity 


Propagation velocity (v) and its reciprocal, delay per unit 
length 5, can also be expressed in terms of Lo and Co. A 
consistent set of units is nanoseconds, microhenries and 
picofarads, with a common unit of length. : 
Vv = 1/yLoCo & = yLoCo 

These equations provide a convenient means of determin- 
ing the Lo and Co of a line when delay, length and imped- 
ance are known. For a length 1 and delay.T, 6 is the ratio 
1/1. To determine Lo and Co, combine these equations. 

lo =8Zo Fh 

Co = 5/Zo or 
More formal treatments of transmission jine effects are 
available from many sources. . 


Termination and Reflection 


A transmission line with a terminating resistor is shown in 
Figure 3-6. As indicated, a positive step function voltage 
travels from left to right. To keep track of : Xeflection polari- 
ties, it is convenient to consider the lower; ‘ganductor as the 
voltage reference and to think in terms of bizrent flow in the 
top conductor only. The generator is assymed to have zero 
internal impedance. The initial current ly is determined by V, 
and Zo. 





TL/F/9607-12 
DELAY = T=16 
FIGURE 3-6 = 
If the terminating resistor matches the line: impedance, the 
ratio of voltage to current traveling along the line is matched 
by the ratio of voltage to current which must, by Ohm’s law, 
always prevail at Ry. From the viewpoint of the voltage step 
generator, no adjustment of output current is ever required; 
the situation is as though the transmission line never existed 
and Rt has been connected directly across the terminals of 
the generator. 


From the Rr viewpoint, the only thing the line did was delay 
the arrival of the voltage step by the amount of time T. 


LINE LENGTH = 1 


When Rz is not equal to Zo, the initial current starting down 
the line is still determined by V; and Zo but the final steady 
state current, after all reflections have died out, is deter- 
mined by V; and Ry (ohmic resistance of the line is as- 
sumed to be negligible). The ratio of voltage to current in the 


initial wave is not equal to the ratio of voltage to current 


demanded by Rr. Therefore, at the instant the initial wave 
arrives at Ry, another voltage and current wave must be 
generated so that Ohm’s law is satisfied at the line-load 
interface. This reflected wave, indicated by V, and |, in Fig- 
ure 3-6, starts to return toward the generator. Applying 
Kirchoff’s laws to the end of the line at the instant the initia! 
wave arrives results in the following: 

I, + |; = ly = current into Rr 
Since only one voltage can exist at the end of the line at this 
instant of time, the following is true: 
thus, 

ly = Vr/Rr = (V1 + V)/Rr 
also, 


ly = V4/Zo and!, = —V;/Zo 
with the minus sign indicating that V,; is moving toward the 
generator. 


Combining the foregoing relationships algebraically and 
solving for V,; yields a simplified expression in terms of V4, 


Vv 
Suh oe 


The term in parentheses is called the coefficient of reflec- 
tion (pL). With Rt ranging between zero (shorted line) and 
infinity (open line), the coefficient ranges between —1 and 
+1 respectively. The subscript L indicates that p, refers to 
the coefficient at the load end of the line. 


This last equation expresses the amount of voltage sent 
back down the line, and since 
then 
Vr = Vi (1 + pv) 
Vt can also be determined from an expression which does 
not require the preliminary step of calculating p,. Manipulat- 
ing (1 + 9 :) results in 
1+ pp = 1+ (Rt — Zo)/(Rt + Zo) 
= 2(Rr/(Rt + Zo) 
Substituting, this gives 
Vr = 2(Rr/(Rt + Zo) V1 
The foregoing has the same form as a simple voltage divid- 
er involving a generator V; with internal impedance, Zo, 
driving a load Rr, except that the amplitude of Vy is dou- 
bled. 
The arrow indicating the direction of V,; in Figure 3-6 correct- 
ly indicates the V, direction of travel, but the direction of I, 
flow depends on the V, polarity. If V; is positive, |, flows 
toward the generator, opposing l;. This relationship be- 
tween the polarity of V,; and the direction of |, can be de- 
duced by noting that if V; is positive it is because Ry is 
greater than Zo. In turn, this means that the initial current |, 





Termination and Reflection (Continued) 


is larger than the final quiescent current, dictated by V; and 
Rt. Hence |, must oppose |; to reduce the line current to the 
final quiescent value. Similar reasoning shows that if V, is 
negative, I, flows in the same direction as |j. 


It is somewhat easier to determine the effect of V, on line 
conditions by thinking of it as an independent voltage gener- 
ator in series with Ry. With this concept, the direction of I, is 
immediately apparent; its magnitude, however, is the ratio of 
V, to Zo, i.e., Ry is already accounted for in the magnitude 
of V;. The relationships between incident and reflected sig- 
nals are represented in Figure 3-7 for both cases of mis- 
match between Ry and Zo, 


The incident wave is shown in Figure 3-7a, before it has 
reached the end of the line. In Figure 3-7b, a positive V, is 
returning to the generator. To the left of V; the current is still 
11, flowing to the right, while to the right of V; the net current 
in the line is the difference between |, and Ir. In Figure 3-7c, 
the reflection coefficient is negative, producing a negative 
V,. This, in turn, causes an increase in the amount of current 
flowing to the right behind the V, wave. 


a. Incident Wave 


DISTANCE 
TL/F/9607-13 


Source Impedance, Multiple 
Reflections 


When a reflected voltage arrives back at the source (gener- 
ator), the reflection coefficient at the source determines the 
response to V;. The coefficient of reflection at the source is 
governed by Zo and the source resistance Rs. 


Ps = (Rg — Zo)/(Rs + Zo) 
lf the source impedance matches the line impedance, a re- 
flected voltage arriving at the source is not reflected back 
toward the load end. Voltage and current on the line are 
stable with the following values. 
Vr =VitVr 

If neither source impedance nor terminating impedance 
matches Zo, multiple reflections occur; the voltage at each 
end of the line comes closer to the final steady state value 
with each succeeding reflection. An example of a line mis- 
matched on both ends is shown in Figure 3-8. The source is 
a step function of Vcc = 5.0V amplitude occurring at time 
t0. The initial value of Vj starting down the line is 2.4V due 
to the voltage divider action of Zo and Rs. The time scale in 
the photograph shows that the line delay is approximately 
6 ns. Since neither end of the line is terminated in its char- 
acteristic impedance, multiple reflections occur. 


b. Reflected Wave for Rr > Zo 
V 


TL/F/9607-14 


c. Reflected Wave for Rr > Zo 


TL/F/9607-15 


FIGURE 3-7. Reflections for Rt = Zo 
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Source Impedance, Multiple Reflections (Continued) 


FAST OUTPUT 


7p =500 


TL/F/9607~-16 
FIGURE 3-8. Multiple Reflections Due to Mismatch at Load and Source 
Vo = Voc — 2° Vee = 3.6V 


_ (25 - 50) | 
S57 son 0°93 Zz 500 PL 


= £03 
Zo + Rs 


_ (300 — 50)2 


= go007 son 


initially, Vy = *Vo (3.6V) = 2.4V 


~ 60 + 25)0 


(1 4p) =+40.67 | p=- 0.33 
—— | —+ 


+2.4V 


TL/F/9607-17 
H = 20 ns/div. 
V = 1V/div. 
The amplitude and persistence of the ringing shown in Fig- 
ure 3-8 become greater with increasing mismatch between 
the line impedance and source and load impedances. The 
difference in amplitude between the first two positive peaks 
observed at the open end is 


Vr ~ Vt = (1 + pL) Vi — (1 + pL) V4 p2Lp2s 
= (1 + pr) V1 (1 — p2ip2s) TL/F/9607-18 
The factor (1 — p2s) is similar to the damping factor associ- FIGURE 3-9. Lattice Diagram for the 


ated with lumped constant circuitry. It expresses the attenu- Circuit of Figure 3-8 
ation of successive positive or negative peaks of ringing. 


Lattice Diagram 


In the presence of multiple reflections, keeping track of the 
incremental waves on the line and the net voltage at the 
ends becomes a bookkeeping chore. A convenient and sys- 
tematic method of indicating the conditions which combine 
magnitude, polarity and time utilizes a graphic construction 
called a lattice diagram. A lattice diagram for the line condi- 
tions of Figure 3-8 is shown in Figure 3-9. 





3-10 


Lattice Diagram (continued) 


The vertical lines symbolize discontinuity points, in this case 
the ends of the line. A time scale is marked off on each line 
in increments of 2T, starting at tO for V; and T voltages 
traveling between the ends of the line; solid lines are used 
for positive voltages and dashed lines for transmission mul- 
tipliers p and (1 + p) at each vertical line, and to tabulate 
the incremental and net voltages in columns alongside the 
vertical lines. Both the lattice diagram and the waveform 
photograph show that V, and V7 asymptomatically ap- 
proach 3.4V, as they must with a 3.4V source driving a light- 
ly loaded line. 


Shorted Line 


The open-ended line in Figure 3-8 has a reflection coeffi- 
cient of 0.71 and the successive reflections tend toward the 
steady state conditions of zero line current and a line volt- 
age equal to the source voltage. In contrast, a shorted line 
has a reflection coefficient of — 1 and successive reflections 
must cause the line conditions to approach the steady state 
conditions of zero voltage and a line current determined by 
the source voltage and resistance. 


Shorted line conditions are shown in Figure 3-10a with the 
reflection coefficient at the source end of the line also nega- 
tive. A negative coefficient at both ends of the line means 
that any voltage approaching either end of the line is reflect- 
ed in the opposite polarity. Figure 3-10b shows the re- 
sponse to an input step-function with a duration much long- 
er than the line delay. The initial voltage starting down the 
line is about 2.4V, which is inverted at the shorted end and 
returned toward the source as —2.4V. Arriving back at the 
source end of the line, this voltage is multiplied by (1 + ps), 
causing a —1.61V net change in V;. Concurrently, a reflect- 


ed voltage of +0.80V (—2.4V times ps of —0.33) starts 
back toward the shorted end of the line. The voltage at V, is 
reduced by 50% with each successive round trip of reflec- 
tions, thus leading to the final condition of zero volts on the 
line. 


When the duration of the input pulse is less than the delay 
of the line, the reflections observed at the source end of the 
line constitute a train of negative pulses, as shown in Figure 
3-10c. The amplitude decreases by 50% with each succes- 
sive occurrence as it did in Figure 3-10b. 


Series Termination 


Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on a PC board and travel through the back-plane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. The amplitude of the initial signal sent down the 
line is only half of the generator voltage, while the voltage at 
the open end of the line is doubled to full amplitude 
(1 + py = 2). The reflected voltage arriving back at the 
source raises V1 to the full amplitude of the generator sig- 
nal. Since the reflection coefficient at the source is zero, no 
further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con- 
nected at or near the end of the line to avoid receiving a 2- 
step input signal. 

A TTL output driving a series-terminated line is severely lim- 
ited in its fanout capabilities due to the IR drop associated 
with the collective |), drops of the inputs being driven. For 
most TTL families other than FAST it should not be consid- 
ered since either the input currents are so high (TTL, S, H) 
or the input threshold is very low (LS). In either case the 
noise margins are severely degraded to the point where the 
circuit becomes unusable. In FAST, however, the Ii, of 
0.6 mA, if sunk through a resistor of 259 used a series 
terminating resistor, will reduce the low level noise margin 
15 mV for each standard FAST input driven. 
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Design Considerations 


Series Termination (Continued) 


a. Reflection Coefficients for Shorted Line 


FAST OUTPUT 
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b. Input Pulse Duration > Line Delay c. Input Pulse Duration < Line Detay 


a 


oa, 
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V = 1V/div. 
H = 20 ns/div. 


FIGURE 3-10. Reflections of Long and Short Pulses on a Shorted Line 


TABLE IIl-IV. Relative Dielectric All the above information on impedance and propagation 
Constants of Various Materials delays are for the circuit interconnect only. The actual im- 
pedance and propagation delays will differ from this by the 
loading effects of gate input and output capacitances, and 
Air : by any connectors that may be in line. The effective imped- 
Polyethylene Foam . ance and propagation delay can be determined from the 


Cellular Polyethylene . following formula: 
Teflon : Zo 


Polyethylene . ( CL ) 

Zo’ = 4/1 + (=E] o 
Polystyrene . 2 Co 
Nylon . —— CL 
Silicon Rubber . fep = ahoGe. tp opp ttt (&) 


revsinyichloriae seve) where C is the total of all additional loading. 


Epoxy Resin , ‘ ; 

Delrin The results of these formulas will frequently give effective 

E GI impedances of less than half Zo, and interconnect propaga- 
ORY Sess tion delays greater than the driving device propagation de- 


Mylar lays, thus becoming the predominant delay. 
Polyurethane 





Series Termination (Continued) 


TL/F/9607-22 
FIGURE 3-11. Unterminated 
The maximum length for an unterminated line can be deter- 
mined by 
Imax = Tr/2tpa 

and for FAST, t; = 3.ns, SO Imax = 10 inches for trace on 
GIO epoxy glass PC. 
The voltage wave propagated down the transmission line (V 
step) is the full output drive of the device into Zo’. Reflec- 
tions will not be a problem if ! < Imax. Lines longer than Imax 
will be subject to ringing and reflections and will drive the 
inputs and outputs below ground. 


de> Le 


FIGURE 3-12. Series-Terminated 
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a. RT to Voc 
RT = Zo’ 
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c. Thevenin Termination 
RT = 2Zo’ 


TL/F/9607-26 


Series termination has limited use in TTL interconnect 
schemes due to the voltage drop across RTs in the LOW 
state, reducing noise margins at the receiver. Series termi- 
nation is the ideal termination for highly capacitive memory 
arrays whose DC loadings are minimal. RTs values of 109 
to 502 are normally found in these applications. 


Four possibilities for parallel termination exist: 

A. Zo’ to Vcc. This will consume current from Vcc when 
output is LOW; 

B. Zo’ to GND. This will consume current from Vcc when 
output is HIGH; 


C. Thevenin equivalent termination. This will consume half 
the current of A and B from the output stage, but will 
have reduced noise margins, and consume current from 
Vcc with outputs HIGH or LOW. If used on a 
TRI-STATE® bus, this will set the quiescent line voltage 
to half. 

D. AC Termination. An RC termination to GND, C = 3tr/Zo. 


This consumes no DC current with outputs in either state. If 
this is used on a TRI-STATE bus, then the quiescent voltage 
on the line can be established at Vcc or GND by a high 
value pull up (down) resistor to the appropriate supply rail. 


b. RT to GND 
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d. AC Termination to GND 
Rr + Xet = Zo’ 
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FIGURE 3-13. Parallel Terminated 
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Design Considerations 


Decoupling 


Vec 


\7 0.1" 
é Glass ton 
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6 Board 
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Voc 
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032" 
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d) 1002 Vo¢ 
Impedance 
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FIGURE 3-14. Typical Dynamic Impedance of Unbypassed Vcc Runs 


This diagram shows several schemes for power and ground 
distribution on logic boards. Figure 3-14 is a cross-section, 
with a, b, and c showing a 0.1 inch wide Vcc bus and 
ground on the opposite side. Figure 3-14d shows side-by- 
side Vcc and ground strips, each 0.04 inch wide. Figure 
3-14e@ shows a four layer board with embedded power and 
ground planes. 


In Figure 3-14a, the dynamic impedance of Vcc with respect 
to ground is 509, even though the Vcc trace width is gener- 
ous and there is a complete ground plane. In Figure 3-146, 
the ground plane stops just below the edge of the Vcc bus 
and the dynamic impedance doubles to 1002. In Figure 
3-14¢, the ground bus is also 0.1 inch wide and runs along 
under the Vcc bus and exhibits a dynamic impedance of 
about 68. In Figure 3-14d, the trace widths and spacing 
are such that the traces can run under a DIP, between two 


Buffer 


rows of pins. The impedance of the power and ground 
planes in Figure 3-14e is typically less than 29. 


These typical dynamic impedances point out why a sudden 
current demand due to an IC output switching can cause a 
momentary reduction in Vcc, unless a bypass capacitor is 
located near the IC. 


Decoupling capacitors should be used on every PC card, at 
least one for every five to ten standard TTL packages, one 
for every five ’LS and ’S packages, one for every three 
FAST packages, and one for every one-shot (monostable), 
line driver and line receiver package. They should be good 
quality rf capacitors of 0.01 uF to 0.1 wF with short leads. It 
is particularly important to place good rf capacitors near se- 
quential (bistable) devices. In addition, a larger capacitor 
(preferably a tantalum capacitor) of 2.0 uF to 20 uF should 
be included on each card. , 


Buffer Output Sees Net 502 Load. 
502 Load Line on loy-VoH Characteristic 
Shows LOW-to-HIGH Step of Approx. 2.5V. 


Worst-Case Octal Drain = 8 X 50 mA = 0.4 Amp. 
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FIGURE 3-15. Ic¢c Drain Due to Line Driving 





Decoupling (Continued) 


This diagram illustrates the sudden demand for current from 
Vcc when a buffer output forces a LOW-to-HIGH transition 
into the midpoint of a data bus. The sketch shows a wire- 
over-ground transmission line, but it could also be a twisted 
pair, flat cable or PC interconnect. 

The buffer output effectively sees two 10002 lines in parallel 
and thus a 502 load. For this value of load impedance, the 
buffer output will force an initial LOW-to-HIGH transition 
from 0.2V to 2.7V in about 3 ns. This net charge of 2.5V into 
a 50 load causes an output-HIGH current change of 50 mA. 
If all eight outputs of an octal buffer switch simultaneously, 
in this application the current demand on Vcc would be 
0.4A. Clearly, a nearby Vcc bypass capacitor is needed to 
accommodate this demand. 

Q=CV 

| = CAV/At 


C = IAt/AV 
At = 3 x 10-9 


1=0.4A 





Bypass Capacitors 
TL/F/9607-30 
FIGURE 3-16. Vcc Bypass Capacitor for Octal Driver 
Specify Vcc Droop = 0.1V max. 
0.4 x 3 x 10-9 
0.1 
Select Cg = 0.02 nF 


A Vcc bus with bypass capacitors connected periodically 
along its length is shown above. Also shown is a current 
source representing the current demand of the buffer in the 
preceding application. 

The equations illustrate an approximation method of esti- 
mating the size of a bypass capacitor based on the current 
demand, the drop in Vcc that can be tolerated and the 
length of time that the capacitor must supply the charge. 
While the demand is known, the other two parameters must 
be chosen. A Vcc droop of 0.1V will not cause any appre- 
ciable change in performance, while a time duration of 3 ns 
is long enough for other nearby bypass capacitors to help 
supply charge. If the current demand continues over a long 
period of time, charge must be supplied by a very large 
capacitor on the board. This is the reason for the recom- 
mendation that a large capacitor be located where Vcc 
comes onto a board. If the buffers are also located near the 
connector end of the board, the large capacitor helps supply 
charge sooner. 


C= = 12 x 1079 = 0.012 pF 


GROUND COMB 
(BELOW) 


Design Guidelines 


GROUND 


A good ground system is essential for a PC card containing 
a large number of packages. The ground can either be a 
good ground bus, or better, a ground plane which, incorpo- 
rated with the Vcc supply, forms a transmission line power 
system. Power transmission systems, which can be at- 
tached to a PC card to give an excellent power system with- 
out the cost of a multilayer PC card, are commercially avail- 
able. Ground loops on or off PC cards are to be avoided 
unless they approximate a ground plane. 

With the advent of FAST, with considerably faster edge 
rates and switching times, proper grounding practice has 
become of primary concern in printed circuit layout. Poor 
circuit grounding layout techniques may result in crosstalk 
and slowed switching rates. This reduces overall circuit per- 
formance and may necessitate costly redesign. Also when 
FAST chips are substituted for standard TTL-designed print- 
ed circuit boards, faster edge rates can cause noise prob- 
lems. The source of these problems can be sorted into 
three categories: 


1. Vcc droop due to faster load capacitance charging; 


2. Coupling via ground paths adjacent to both signal sourc- 
es and loads; and 


3. Crosstalk caused by parallel signal paths. 


Vcc droop can be remedied with better or more bypassing 
to ground. The rule here is to place 0.01 uF capacitors from 
Vcc to ground for every three FAST circuits used, as near 
the IC as possible. The other two problems are not as easily 
corrected, because PC boards, may already be manufac- 
tured and utilized. In this case, simply replacing TTL circuits 
with FAST compatible circuits is not always as easy as it 
may seem, especially on two-sided boards. In this situation 
IC placement is critical at high speeds. Also when designing 
high density circuit layout, a ground-plane layer is imperative 
to provide both a sufficiently low inductance current return 
path and to provide electromagnetic and electrostatic 
shielding lhus prevenling noise problem 2 and reducing, by 
a large degree, noise problem 3. 


TWO-SIDED PC BOARD LAYOUT 


When considering the two-sided PC board, more than one 
ground trace is often found in a parallel or non-parallel con- 
figuration. For this illustration parallel traces tied together at 
one end are shown. This arrangement is referred to as a 
ground comb. The ground comb is placed on one side of the 
PC board while the signal traces are on the other side, thus 
the two-sided circuit board. 


TL/F/9607-31 


FIGURE 3-17 


3-15 
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Design Considerations 


Design Guidelines (Continued) 
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FIGURE 3-18 


Figure 3-18 illustrates how noise is generated even though 
there is no apparent means of crosstalk between the cir- 
cuits. If package A has an output which drives package D 
input and package B output drives package C input, there is 
no apparent path for crosstalk since mutual signal traces 


Ground Strip 
Inductance \ \ 


Common 
Tie Point 


are remotely located. What is significant, and must be em- 
phasized here, is that circuit packages A and B accept their 
ground link from the same trace. Hence, circuit A may well 
couple noise to circuit B via the common or shared portion 
of the trace. This is especially true at high switching speeds. 


Strip #3 
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FIGURE 3-19. Ground Trace Coupling 





Design Guidelines (Continued) 


Ground trace noise coupling is illustrated by a model circuit 
in Figure 3-19. With the ground comb configuration, the 
ground strips may be shown to contain distributed induc- 
tance, as is indeed the case. Referring to Figure 3-19 we 
can see that if we switch gate A from HIGH to LOW, the 
current for the transition is drawn from ground strip number 
two. Current flows in the direction indicated by the arrow to 
the common tie point. It can be seen that gate B shares 
ground strip number two with gate A from the point where 
gate B is grounded back to the common tie point. This 
length is represented by L1. When A switches states there 
is a current transient which occurs on the ground strip in the 
positive direction. This current spike is caused by the 
ground strip inductance and it is ‘‘felt’ by gate B. If gate B is 
in a LOW state (Vo,) the spike will appear on the output 
since gate B’s Voc, level is with reference to ground. Thus if 
gate B's ground reference rises momentarily Vo, will also 
rise. Consequently, if gate B is output to another gate (C in 
the illustration) problems may arise. 


SUPPLY VOLTAGE AND TEMPERATURE 


The normal supply voltage Vcc for all TTL circuits is +5.0V. 
Commercial grade parts are guaranteed to perform with a 
£10% supply tolerance (+500 mV) over an ambient tem- 
perature range of 0°C. Military grade parts are guaranteed to 
perform with 10% supply tolerance (+500 mV) over an 
ambient temperature range of —55°C to + 125°C. 


The actual junction temperature can be calculated by multi- 
plying the power dissipation of the device with the thermal 
resistance of the package and adding it to the measured 
ambient temperature Ta or package (case) temperature Tc. 
For example, a device in ceramic DIP (@JA 100°C/W) dissi- 


pates typically 145 mW. At + 55°C ambient temperature, the 
junction temperature is 


Ty = (0.145 x 100) + 55°C 


Designers should note that localized temperatures can rise 
well above the general ambient in a system enclosure. On a 
larae PC board mounted in a herizonta! plane, fer examele, 
the local temperature surrounding an IC in the middle of the 
board can be quite high due to the heating effect of the 
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surrounding packages and the very poor natural convection. 
Low velocity forced air cooling is usually sufficient to allevi- 
ate such localized static air conditions. 


INTERFACING 


All TTL circuits are compatible, and any TTL output can 
drive a certain number of TTL inputs. There are only subtle 
differences in the worst-case noise immunity when low pow- 
er, standard and Schottky TTL circuits are intermixed. 
Open-collector outputs, however, require a pull-up resistor 
to drive TTL inputs reliably. 


While TTL is the dominating logic family, and many systems 
use TTL exclusively, there are cases where different semi- 
conductor technologies are used in one system, either to 
improve the performance or to lower the cost, size and pow- 
er dissipation. The following explains how TTL circuits can 
interface with ECL, CMOS and discrete transistors. 


Interfacing TTL and ECL—Mixing ECL and TTL logic fami- 
lies offers the design engineer a new level of freedom and 
opens the entire VHF frequency spectrum to the advan- 
tages of digital measurement, control and logic operation. 


The main advantages gained with ECL are high speed, flexi- 
bility, design versatility and transmission line compatibility. 
But application and interfacing cost problems have tradition- 
ally discouraged the use of ECL in many areas, particularly 
in low cost, less sophisticated systems. 


The most practical interfacing method for smaller systems 
involves using a common supply of +5.0V to +5.2V. Care 
must be exercised with both logic families when using this 
technique to assure proper bypassing of the power supply 
to prevent any coupling of noise between circuit families. 
When larger systems are operated on a common supply, 
separate power buses to each logic family help prevent 
problems. Otherwise, good high frequency bypassing tech- 
niques are usually sufficient. 


ECL devices have high input impedance with input pull- 
down resistors (> 20 kQ) to the negative supply. In the TTL 
to ECL interface circuits in Figure 3-20, it is assumed that 
the ECL devices have high input impedance. 


b. 
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FIGURE 3-20. TTL-to-ECL Conversion 
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Design Considerations 


Design Guidelines (continued) 


All circuits described operate with +5% ECL and +10% 
TTL supply variations, except those with ECL and TTL ona 
common supply. In those cases, the supply can be +10% 
with ECL. All resistors are /%,W, +5% composition type. 


TTL to ECL conversion is easily accomplished with resis- 
tors, which simultaneously attenuate the TTL signal swing, 
shift the signal levels, and provide low impedance for damp- 
ing and immunity to stray noise pick-up. The resistors 
should be located as near as possible to the ECL circuit for 
optimum effect. The circuits in Figure 3-20 assume an un- 
loaded TTL gate as the standard TTL source. ECL input 
impedance is predominantly capacitive (approximately 
3 pF); the net RC time constant of this capacitance with the 
indicated resistors assures a net propagation delay gov- 
erned primarily by the TTL signal. 


a. Common Power Supply 
+5.2V 
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b. Separate Power Supplies 


-5.2V 
TL/F/9607 -37 
FIGURE 3-21. ECL-to-TTL Conversion 


When interfacing between high voltage swing TTL logic and 
low voltage swing ECL logic, the more difficult conversion is 
from ECL to TTL. This requires a voltage amplifier to build 
up the 0.8V logic swing to a minimum of 2.5V. The circuits 
shown in Figure 3-21 may be used to interface from ECL to 
TTL. 


The higher speed converters usually have the lowest fan- 
out: only one or two TTL gates. This fanout can be in- 
creased simply by adding a TTL buffer gate to the output of 
the converter. Another option, where ultimate speed is re- 
quired, is to use additional logic converters. 


Interfacing FAST and CMOS—Due to their wide operating 
voltage range, CMOS devices will function outside of the 
standard +5V +10% supply levels. For our purposes, only 
the case where both the FAST and CMOS devices are con- 
nected to the same voltage source will be considered. 


FAST outputs can sink at least 20 mA in the LOW state. 
This is more than adequate to drive CMOS inputs to a valid 
LOW level. Due to their output designs, though, FAST out- 
puts are unable to pull CMOS inputs to above approximately 
4.0V. If the CMOS device does not have TTL-compatible 
input levels, the FAST output should be pulled with a resis- 
tor to Voc. The value of this resistor will vary according to 
the system. Factors that affect the selection of the value 
are: edge rate— the smaller the resistor, the faster the edge 
rate; fanout—the smaller the resistor, the greater the fanout; 
and noise margins—the smaller the resistor, the greater the 
output HIGH noise margin and the smaller the output LOW 
noise margin. FAST outputs can directly drive TTL-compati- 
ble CMOS inputs, such as the inputs on ACT or HCT devic- 
es, without pull up registers. 


Most CMOS outputs are capable of directly driving FAST 
inputs. Be aware, though, that TTL inputs have higher load- 
ing specifications than CMOS inputs. Care must be taken to 
insure that the CMOS outputs are not overloaded by the 
FAST input loading. 


TTL Driving Transistors—Although high voltage, high cur- 
rent ICs are available, it is sometimes necessary to control 
greater currents or voltages than integrated circuits are ca- 
pable of handling. When this condition arises, a discrete 
transistor with sufficient capacity can be driven from a TTL 
output. Discrete transistors are also used to shift voltages 
from TTL levels to logic levels for which a standard interface 
driver is not available. 


The two circuits of Figure 3-22 show how TTL can drive npn 
transistors. The first circuit is the most efficient but requires 
an open-collector TTL output. The other circuit limits the 
output current from the TTL totem pole output through a 
series resistor. 





Design Guidelines (Continued) 


Open Collector 
TL 


I> 10mA 
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FIGURE 3-22. TTL Driving npn Transistors 
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FIGURE 3-23. pnp Transistor Shifting TTL Output 


Shifting a TTL Output to Negative Levels—The circuit of 
Figure 3-23 uses a pnp transistor to shift the TTL output toa 
negative level. When the TTL output is HIGH, the transistor 
is cut off and the output voltage is —Vx. When the TTL 
output is LOW, the transistor conducts and the output volt- 
age is 
Vout = —Vx + Ri/Re (Voc — 2.0V) 

if the transistor is not saturated, or slightly positive if tho 
transistor is allowed to saturate. 


High Voltage Drivers—A TTL output can be used to drive 
high voltage, low current loads through the simple, non-in- 
verting circuits shown in Figure 3-24. This can be useful for 
driving gas discharge displays or small relays, where the 
TTL output can handle the current but not the voltage. Load 
current should not exceed Io, (—4 mA). 
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Design Guidelines (Continued) 
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To Other Displays 
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51.6kQ2 5.6k0 


TL/F/9607-43 
FIGURE 3-25. Transistors Driving TTL 
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BD: 
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FIGURE 3-24. Non-Inverting 
High Voltage Drivers 
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Transistors Driving TTL—It is sometimes difficult to drive 
the relatively low impedance and narrow voltage range of 
TTL inputs directly from external sources, particularly in a 
rough, electrically noisy environment. The circuits shown in 
Figure 3-25 can handle input signal swings in excess of 
+100V without harming the circuits. The second circuit has 
input RC filter that suppresses noise. Unambiguous TTL 
voltage levels are generated by the positive feedback 
(Schmitt trigger) connection. 


Open Collector Outputs 


A number of available circuits have no pull-up circuit on the 
outputs. Open collector outputs are used for interfacing or 
for wired-OR (actually wired-AND) functions. The latter is 
achieved by connecting open collector outputs together and 
adding an external pull-up resistor. 


The value of the pull-up resistor is determined by consider- 
ing the fanout of the OR tie and the number of devices in 
the OR tie. The pull-up resistor value is chosen from a range 
between maximum value (established to maintain the re- 
quired Voy with all the OR-tied outputs HIGH) and a mini- 
mum value (established so that the OR tie fanout is not 
exceeded when only one output is LOW). 





Minimum and Maximum Pull-up 
Resistor Values 


VeciMax) ~ Vot ) 
loL — No(LOW) ¢ 1.6 mA 


Rx(MIN) = ( 


Veccmin) — Vou ) 
Nylon + No(HIGH) © 40 pA 


Rx(MAX) = ( 
Rx = External pull-up resistor 
N; = Number of wired-OR outputs 
No = Number of input unit loads being driven 
lon = Icex = Output HIGH leakage current 
lo. = LOW level fanout current of driving element 
VoL = Output LOW voltage level (0.5V) 
Vou = Output HIGH voltage level (2.5V) 
Voc = Power Supply Voltage 


Example: four ’F524 gate outputs driving four other gates or 
MSI inputs. 
5.5V — 0.5V 5.0V 


Rx (MIN) = ee = 


8.0mA—24mA 5.6 x) eres 


4.5V — 2.5V 2.0V 


R = SP a aan PE aru 
X (MAX) (2 pA+2¢40pA = 1.08mA 


) = 18520 
where: 
Ny = 4 
No(HIGH) = 4°0.5U.L. = 2ULL. 
No(LOW) = 4 ¢ 0375 ULL. = 1.5 ULL. 
lou = 250 pA 
lo. = 8.0 mA 
VoL = 0.5V 
Vou = 2.5V 


Any values of pull-up resistor between 8939 and 18520 
can be used. The lower values yield the fastest speeds 
while the higher values yield the lowest power dissipation. 


3-21 


Increasing Fanout 


To increase fanout, inputs and outputs of gates on the same 
package may be paralleled to those in a single package to 
avoid large transient supply currents due to different switch- 
ing times of the gates. This is not detrimental to the devices, 
but could cause logic problems if the gates are being used 
as clock drivers. 


Unused Inputs 


Theoretically, an unconnected input assumes the HIGH log- 
ic level, but practically speaking it is in an undefined logic 
state because it tends to act as an antenna for noise. Only a 
few hundred millivolts of noise may cause the unconnected 
input to go to the logic LOW state. On devices with memory 
(flip-flops, latches, registers, counters), it is particularly im- 
portant to terminate unused inputs (MR, PE, PL, CP) proper- 
ly since a noise spike on these inputs might change the 
contents of the memory. It is a poor design practice to leave 
unused inputs floating. 


If the logic function calls for a LOW input, such as in NOR or 
OR gates, the input can be connected directly to ground. 
For a permanent HIGH signal, unused inputs can be tied 
directly to Vcc. An unused input may also be tied to a used 
input having the same logic function, such as NAND and 
AND gates, provided that the driver can handle the added 
liq. This practice is not recommended for diode-type inputs 
in a noisy environment, since each diode represents a small 
capacitor and two or more in parallel can act as an entry 
port for negative spikes superimposed on a HIGH level and 
cause momentary turn-off of Q2. 
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Advanced Schottky 
TTL Datasheets 





Section 4 Contents 
54F/74F00 Quad 2-Input NAND Gate 
54F/74F02 Quad 2-Input NOR Gate 
54F/74F04 Hex Inverter 
54F/74F08 Quad 2-Input AND Gate 
54F/74F 10 Triple 3-Input NAND Gate 
54F/74F 11 Triple 3-Input AND Gate 
54F/74F13 Dual 4-Input NAND Schmitt Trigger 
54F/74F 14 Hex Inverter Schmitt Trigger 
54F/74F20 Dual 4-Input NAND Gate 
54F/74F27 Triple 3-Input NOR Gate 
54F/74F30 8-Input NAND Gate 
54F/74F32 Quad 2-Input OR Gate 
54F/74F37 Quad 2-Input NAND Buffer 
54F/74F38 Quad 2-Input NAND Buffer (Open Collector) 
54F/74F40 Dual 4-Input NAND Buffer 
54F/74F51 2-2-2-3 AND-OR-Invert Gate 
54F/74F64 4-2-3-2-Input AND-OR-Invert Gate 
54F/74F74 Dual D-Type Positive Edge-Triggered Flip-Flop 
54F/74F86 Quad 2-Input Exclusive-OR Gate 
54F/74F109 Dual JK Positive Edge-Triggered Flip-Flop 
54F/74F112 Dual JK Negative Edge-Triggered Flip-Flop 
54F/74F113 Dual JK Negative Edge-Triggered Flip-Flop 
54F/74F114 Dual JK Negative Edge-Triggered Flip-Flop w/Common Clocks and Clears 
54F/74F 125 Quad Buffer (TRI-STATE) 
54F/74F 132 Quad 2-Input NAND Schmitt Trigger 
54F/74F 138 1-of-8 Decoder/Demultiplexer 
54F/74F139 Dual 1-of-4 Decoder/Demultiplexer 
54F/74F 148 8-Line to 3-Line Priority Encoder 
54F/74F 151A 8-Input Multiplexer 
54F/74F153 Dual 4-Input Multiplexer 
54F/74F157A Quad 2-Input Multiplexer 
54F/74F158A Quad 2-Input Multiplexer (Inverted) 
54F/74F160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset) 
54F/74F 162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) 
54F/74F161A Synchronous Presettable Binary Counter (Asynchronous Reset) 
54F/74F 163A Synchronous Presettable Binary Counter (Synchronous Reset) 
54F/74F 164 Serial-In, Parallel-Out Shift Register 
54F/74F168 4-Stage Synchronous Bidirectional Counter 
54F/74F169 4-Stage Synchronous Bidirectional Counter 
54F/74F174 Hex D Flip-Flop w/Master Reset 
54F/74F175 Quad D Flip-Flop 
54F/74F 181 4-Bit Arithmetic Logic Unit 
54F/74F 182 Carry Lookahead Generator 
54F/74F189 64-Bit Random Access Memory w/TRI-STATE Outputs 
54F/74F190 Up/Down Decade Counter w/Preset and Ripple Clock 
54F/74F191 Up/Down Binary Counter w/Preset and Ripple Clock 
54F/74F192 Up/Down Decade Counter w/Separate Up/Down Clocks 
54F/74F193 Up/Down Binary Counter w/Separate Up/Down Clocks 
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54F/74F 194 4-Bit Bidirectional Universal Shift Register 

54F/74F219 64-Bit Random Access Memory w/TRI-STATE Outputs 

54F/74F240 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) 

54F/74F241 Octal Buffer/Line Driver w/TRI-STATE Outputs 

54F/74F244 Octal Buffer/Line Driver w/TRI-STATE Outputs 

54F/74F242 Quad Bus Transceiver w/TRI-STATE Outputs . . 

54F/74F243 Quad Bus Transceiver w/TRI-STATE Output 

54F/74F245 Octal Bidirectional Transceiver w/TRI-STATE Outputs 

54F/74F251A 8-Input Multiplexer w/TR!I-STATE Outputs 

54F/74F253 Dual 4-Bit Multiplexer w/TRI-STATE Outputs 

54F/74F256 Dual 4-Bit Addressable Latch 

54F/74F257A Quad 2-Input Multiplexer w/TRI-STATE Outputs 

54F/74F258A Quad 2-Input Multiplexer w/TRI-STATE Outputs (Inverting) 

54F/74F259 8-Bit Addressable Latch 

54F/74F269 8-Bit Bidirectional Binary Counter 

54F/74F273 Octal D Flip-Flop 

54F/74F280 9-Bit Parity Generator/Checker 

54F/74F283 4-Bit Binary Full Adder w/Fast Carry 

54F/74F298 Quad 2-Input Multiplexer with Storage 

54F/74F299 8-Bit Universal Shift/Storage Register w/Common Parallel |/O Pins 

54F/74F322 8-Bit Serial/Parallel Register w/Sign Extend 

54F/74F323 8-Bit Universal Shift/Storage Register w/Synchronous Reset and 
Common I/O Pins 

54F/74F350 4-Bit Shifter w/TRI-STATE Outputs 

54F/74F352 Dual 4-Input Multiplexer 

54F/74F353 Dual 4-Input Multiplexer w/TRI-STATE Outputs 

54F/74F365 Hex Buffer/Driver w/TRI-STATE Outputs 

54F/74F366 Hex Inverter/Buffer w/TRI-STATE Outputs 

54F/74F368 Hex Inverter/Buffer w/TRI-STATE Outputs 

54F/74F373 Octal Transparent Latch w/TRI-STATE Outputs 

54F/74F374 Octal D-Type Flip-Flop w/TRI-STATE Outputs 

54F/74F377 Octal D-Type Flip-Flop w/Clock Enable 

54F/74F378 Parallel D Register with Enable 

54F/74F379 Quad Parallel Register with Enable 

54F/74F381 4-Bit Arithmetic Logic Unit 

54F/74F382 4-Bit Arithmetic Logic Unit 

54F/74F385 Quad Serial Adder/Subtracter 

54F/74F395 4-Bit Cascadable Shift Register w/TRI-STATE Outputs 

54F/74F398 Quad 2-Port Register 

54F/74F399 Quad 2-Port Register 

54F/74F401 Cyclic Redundancy Check Generator/Checker 

54F/74F402 Serial Data Polynomial Generator/Checker 

54F/74F403 16 x 4 First-In First-Out Buffer Memory 

54F/74F407 Data Access Register 

54F/74F410 Register Stack—16 x 4 RAM TRI-STATE Output Register 

54F/74F412 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE Outputs 

54F/74F413 64 x 4 First-In First-Out Buffer Memory w/Parallel |/O 

54F/74F420 Paralleled Check Bit/Syndrome Bit Generator 

54F/74F432 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE Output 

54F/74F 433 64 x 4 First-In First-Out Buffer Memory 

54F/74F521 8-Bit Identity Comparator 

54F/74F524 8-Bit Registered Comparator 
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54F/74F525 16-Bit Programmable Counter 

54F/74F533 Octal Transparent Latch w/TRI-STATE Outputs 

54F/74F534 Octal D Flip-Flop w/TRI-STATE Outputs 

54F/74F537 1-of-10 Decoder w/TRI-STATE Outputs 

54F/74F538 1-of-8 Decoder w/TRI-STATE Outputs 

54F/74F539 Dual 1-of-4 Decoder w/TRI-STATE Outputs 

54F/74F540 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) 

54F/74F541 Octal Buffer/Line Driver w/TRI-STATE Outputs 

54F/74F543 Octal Registered Transceiver 

54F/74F544 Octal Registered Transceiver (Inverting in Both Directions) 

54F/74F545 Octal Bidirectional Transceiver w/TRI-STATE Outputs 

54F/74F547 Octal Decoder/Demultiplexer w/Address Latches and Acknowledge 

54F/74F548 Octal Decoder/Demultiplexer w/ Acknowledge 

54F/74F550 Octal Registered Transceiver w/Status Flags 

54F/74F551 Octal Registered Transceiver w/Status Flags 

54F/74F552 Octal Registered Transceiver w/Parity and Flags 

54F/74F563 Octal D-Type Latch w/TRI-STATE Outputs 

54F/74F564 Octal D-Type Flip-Flop w/TRI-STATE Outputs 

54F/74F568 4-Bit Bidirectional Decade Counter w/TRI-STATE Outputs 

54F/74F569 4-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 

54F/74F573 Octal D-Type Latch w/TRI-STATE Outputs 

54F/74F574 Octal D-Type Flip-Flop w/TRI-STATE Outputs 

54F/74F579 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 

54F/74F582 4-Bit BCD Arithmetic Logic Unit 

54F/74F583 4-Bit BCD Adder 

54F/74F588 Octal Bidirectional Transceiver with |EEE-488 Termination Resistors and 
TRI-STATE !nputs/Outputs 

54F/74F595 8-Bit Shift Register w/Output Latches 

54F/74F597 8-Bit Shift Register 

54F/74F598 8-Bit Shift Register 

54F/74F620 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 

54F/74F623 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 

54F/74F632 32-Bit Parallel Error Detection and Correction Circuit 

54F/74F646 Octal Transceiver/Register w/TRI-STATE Outputs 

54F/74F648 Octal Transceiver/Register w/TRI-STATE Outputs 

54F/74F651 Octal Transceiver/Register w/TRI-STATE Outputs (Inverting) 

54F/74F652 Octal Transceiver/Register w/TRI-STATE Outputs 

54F/74F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and 
TRI- STATE Outputs 

54F/74F673A 16-Bit Serial-In, Serial/Parallel-Out Shift Register (Common Serial !/O Pin) ... 

54F/74F674 16-Bit Serial/Parallel-In, Serial-Out Shift Register (Common Serial I/O Pin) 

54F/74F675A 16-Bit Serial-In, Serial/Parallel-Out Shift Register 

54F/74F676 16-Bit Serial/Parallel-In, Serial-Out Shift Register 

54F/74F701 Register/Counter/Comparator 

54F/74F702 Read-Back Transceiver 

54F/74F707 400 MHz 8-Bit TTL-ECL Register 

54F/74F710 400 MHz Single Supply TTL-ECL Shift Register 

54F/74F779 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 

54F/74F821 10-Bit D-Type Flip-Flop : 

54F/74F823 9-Bit D-Type Flip-Flop 

54F/74F825 8-Bit D-Type Flip-Flop 

54F/74F827 10-Bit Buffer/Line Driver 
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54F/74F828 10-Bit Buffer/Line Driver 
54F/74F841 10-Bit Transparent Latch 
54F/74F843 9-Bit Transparent Latch 
54F/74F845 8-Bit Transparent Latch 
54F/74F968 1 Megabit Dynamic RAM Controller 
54F/74F978 Octal Flip-Flop w/Serial Scanner 
29F52 8-Bit Registered Transceiver 

29F53 8-Bit Registered Transceiver 

29F68 Dynamic RAM Controller 

29F524 Dual Pipeline Register (7 Deep) 
29F525 Dual Pipeline Register (8 Deep) 





National — 
Semiconductor 


54F/74F00 
Quad 2-Input NAND Gate 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 
Pin Assignment Pin Assignment 
IEEE/IEC for DIP, SOIC and Flatpak for LCC and PCC 
B, NC Ay NC Oy 


eyes fuse 
As NC 0, NC B, 


TL/F/9454-1 


TL/F/9454-3 TL/F/9454-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


HIGH/LOW Output Ion/loL 
On Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 
ni 
loex 


ICCH Power Supply Current 
ICcL Power Supply Current 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial o°c to + 70°C 


Supply Voltage 
Military + 4.5V to +5.5V 
Commercial +4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
lon = —1mMA 
loo = —1mMA 


lo. = 20 mA 
> 20 mA 


= 2.7V 
= 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 
| Min typ Max | Min Max | Min Max _| 


Propagation Delay 2.4 
An, Bn to On 1.5 





National - 
Semiconductor 


54F/74F02 
Quad 2-Input NOR Gate 


Ordering Code: see Section 5 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


D Ay NC 0, NC Bp 
3] 7 ) 4) 
2 
Ay ’ 


TL/F/9455-3 
TL/F/9455-2 = 
Os NC Ay NC By 
TL/F/9455-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input YWH/NiL 
HIGH/LOW Output Ion/loL 
An, Bn Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 
If Milltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


54F/74F 
Vcc 
Min Typ Max 
Viw___|_ Input HIGH Voltage aes he ot 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial 0°C to + 70°C 
Supply Voltage 
Military +4,5V to +5.5V 
Commercial +4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


VIL Input LOW Voltage ae FS aie Recognized as a LOW Signal 
Von __| InputClamp Diode Voltage | 1.2 | Vin | iy = ~18mA 


Vou Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Output LOW 
Voltage 


—1.2 
2.5 


loo = —1mA 
lon = —1mMA 
log = —1mA 


lo. = 20mA 
lol = 20 mA 


Input HIGH Current pA Vin = 2.7V 


Input HIGH Current 
Breakdown Test 


Vin = 7.0V 


n input LOW Current p06 | mv Vin = 0.5V 


Output Short-Circuit Current 


Max 
Icex___| OutputHIGH Leakage Current | 250 | A | Max 
loos 

ico Max 


60 
3 


Vout = 0V 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Contigurations 


Parameter ras = +5.0V Ta, Vec = Com 


a ae = 50 pF 
| Min Typ Max_| 


Propagation Delay 2.5 
An, Bn to On 1.5 
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National © 
Semiconductor 


54F/74F04 
Hex Inverter 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Ay NC 0, NC Ay 
(8) (7) (6) 3) 4) 


TL/F/9456-2 0, NC A, NC 0, 


TL/F/9456-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input ha/Ne 
HIGH/LOW Output Ion/lot 
An Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin__| Input HIGH Voltage ae Des 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial 0°C to + 70°C 
Supply Voltage 
Military +4.5V to +5.5V 
Commercial +4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Vit Input LOW Voltage ot Recognized as a LOW Signal 
Input Clamp Diode Voltage a ee hy = —18mA 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 2 : 
74F 5% Voc 


Output LOW 


| InputHIGH Current = HIGH Current 


loo = —1mMA 
lon = —1mA 
lon = —1mMA 
54F 10% Vcc 0.5 lo — 20mA 
Voltage 74F 10% Tir iCne Sar TN 5 lol = 20 mA 


Vin = 2.7V 


Input HIGH Current A VIN = 7.0V 
Breakdown Test ye 


n Input LOW Current jee | A | Mae | Vin = 05V 


Output Short-Circuit Current | -60_ = 180 | mA_| 


IcEX Output HIGH Leakage Current 
ICcH Power Supply Current 
ICcL Power Supply Current 


Vout = OV 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: sce Section 2 tor Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Cy = 50 pF 


Propagation Delay 2.4 
An to O7 1.5 
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National - 
Semiconductor 


54F/74F08 
Quad 2-Input AND Gate 


Ordering Code: see Sections 
Logic Symbol Connection Diagrams 


JEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


B, NC Ay NC Op 


TL/F/9457-3 
TL/F/9457-2 
As NC 0) NC Bp 


TL/F/9457-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description U.L. Input Ujy/hiL 
HIGH/LOW Outnut lou/lor 


An: Bn Inputs 1.0/1.0 20 pA/-—0.6 mA 
On Outputs §0/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias ~55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Min 
ViH 
VIL 


Input HIGH Voltage 


Input Clamp Diode Voltage Es ee 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% ere cr aaa 


Output LOW 
Voltage 


| inputHIGH Current = HIGH Current 


Icex 
ICcH 
lcci 


54F/74F 


Typ 


p20 
[_inputowvoltage | ow | 


== 
Breakdown Test 

[mpttowcuren__| __=08 | ma_| Max 

| OutputShor-Circuit Current | ~60—=150 | mA_| Max | 
ee a a 


Power Supply Current p85 as | mA | Max | 
Power Supply Current 8.6 12.9 | mA | Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 126°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 
Max 

se SS Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


log = —1mA 
loo = —1mA 
lon = —1mA 


lo. = 20 mA 
lol = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


ei 


Vin = 0.5V 
Vout = OV 
Vout = Voc 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = + 5.0V 
tae = 50 pF 


Ta; Vec = Mil 
C_ = 50 pF 


Propagation Delay tite ton 
An; Bp to On 2.5 





National - 
Semiconductor 


54F/74F10 
Triple 3-Input NAND Gate 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


C, NC B, NC A, 
BOWE 


TL/F/9458-3 Ree B> NC Ap NC Og 


TL/F/9458-1 


Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 
Description U.L. Input hy/IiL 
HIGH/LOW Output fon/loL 
An; Bn: Cr Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin___| Input HIGH Voltage Se 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial 0°C to + 70°C 
Supply Voltage 
Military +4.5V to +5.5V 
Commercial +4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Vit Input LOW Voltage SS ee Recognized as a LOW Signal 
Input Clamp Diode Voltage eee ly = =18 mA 


Output HIGH 
Voltage 


54F 10% Voc 

74F 10% Voc 
74F 5% Voc 

Output LOW 
Voltage 


| inputHiGH Current = HIGH Current 


input LOW Current Is 


lon = —1mA 
V —1mA 
2.7 —imA 
= Ce 
74F 10% ae $= 20 mA 
= 2,7V 


Input HIGH Current Vin = 7.0V 
Breakdown Test 


Vin = 0.5V 


Output Short-Gircuit Current ee Vour = ov 
Icex__| Output HIGH Leakage Current Vout = Veo 
ICCH Power Supply Current 1.4 2.1 | mA | Max | Vo = HIGH 


loci Power Supply Current 5.1 7.7 | mA | Max | 


Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 


Min 
Propagation Delay 2.4 
An, Ba; Ch to On 1 5 
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National — 
Semiconductor 


54F/74F 11 
Triple 3-Input AND Gate 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


Pin Assignment for Pin Assignment 
IEEE/IEC DIP, SOIC and Flatpak for LCC and PCC 


Cy NC By NC Ay 
ea ea aes) 


TL/F/9459-2 By NC Ap NC 0% 


TL/F/9459-1 


TL/F/9459-3 
ul an Out: See Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input fyy/Iib 
HIGH/LOW Output Ion/lot 
Ans Ba; Ch Inputs 1.0/1.0 20 pA/—O 6 mA 
On Outputs 50/33.3 ~1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential! to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
-0.5V to +7.0V 
—30 mA to +5.0mA 


-0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vi 
ViL 
Vep 


Vou Output HIGH 


Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voo 
74F 10% Voc 


Output LOW 
Voltage 


VoL 


IH 


Hi 


Icex 
ICCH 
IccL 


~ Recommended Operating 


a eet 
| Min Typ = Max | 


Input HIGH Voltage cee ae 
Input LOW Voltage a ee el 
InputClampDiodeVoltage | 12 |v | Min 


[Input HiGH Curent | 20 | A 

== 
Breakdown Test 

| Input Lowcurent | 06 | mA | Max | 

| Output Short-Circuit Current | -60 150 | mA _| Max | 

OuputneHveskage Curent | _50_{ wa | Ma | 


Power Supply Current pat 62 | ma | Max | 
Power Supply Current | es 7 | ma Max | 
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Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~—56°C to + 125°C 
0°C to + 70°C 


+ 4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


log = —1mA 
lon = —1mA 
lon = —1mA 


loL = 20 mA 
lo. = 20 mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 


Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
ecard = 50 pF 


Ta; Vcc = Mil 
CL = 50 pF 
| Min = Typ Max_| 


Propagation Delay 3.0 
An: Bn; Cp to On 2.5 
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National | 
Semiconductor 


54F/74F 13 


Dual 4-Input NAND Schmitt Trigger 


General Description 


The ’F13 contains two 4-input NAND gates which accept 
standard TTL input signals and provide standard TTL output 
levels. They are capable of transforming slowly changing 
input signals into sharply defined, jitter-free output signals. 
In addition, they have a greater noise margin than conven- 
tional NAND gates. 


Ordering Code: see Section 5 
Logic Symbol 


1EEE/IEC 


| 
| 


TL/F/9460-3 


Pin Assignment 
for DIP, SOIC and Flatpak 


Each circuit contains a 4-input Schmitt trigger followed by 
level shifting circuitry and a standard FAST® output struc- 
ture. The Schmitt trigger uses positive feedback to effective- 
ly speed-up slow input transitions, and provide different in- 
put threshold voltages for positive- and negative-going tran- 
sitions. This hysteresis between the positive-going and neg- 
ative-going input threshold (typically 800 mV) is determined 
by resistor ratios and is essentially insensitive to tempera- 
ture and supply voltage variations. 


Connection Diagrams 
Pin Assignment 
for LCC and PCC 


Dp NC Co NC NC 
ea ea eae 


Hato 


TL/F/9460-1 C, NC NC NC B, 


TL/F/9460-2 


Unit Loading/Fan Out: see eee 2 for U.L. definitions 
| BAEITAF 


Pin Names 


or Bn, Ch, Dn 


Function Table 


= HIGH Voltage Level 
L = LOW Voltage Level 


X = Immaterial 


Description Input lin/Nie 
sig Low Output Ion/loL 

Inputs 1.0/1.0 20 pA/—0.6 mA 

Outputs 50/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VT+ 
Vr 
AV 
Vep 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 56% Voc 


54F 10% Voc 
74F 10% Voc 


Input HIGH Current 


VoH 


Output LOW 
Voltage 


VoL 


NH 


Input LOW Current 


Hit 


a assed fa 
ec ae Sa Ca ae 


IceEX 
ICCH 
Ioct 


0. 5 
Input HIGH Current 
Breakdown Test 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


lin = —18mA 


lon = —1mA 
loo = —1mMA 
low — —1mA 


lo. = 20mA 
lol = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 








AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
ae eal = 50 pF 


Ta, Vcc = Mil 
CL = 50 pF 
| Min Typ Max_—| 


Propagation Delay 5.0 } 3.0 5 4.5 
An: Bn, Cp, Dp to Op, 9.5 . 8.5 . 9.5 
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National | 
Semiconductor 


54F/74F 14 
Hex Inverter Schmitt Trigger 


General Description 


The ’F14 contains six logic inverters which accept standard 
TTL input signals and provide standard TTL output levels. 
They are capable of transforming slowly changing input sig- 
nals into sharply defined, jitter-free output signals. In addi- 
tion, they have a greater noise margin than conventional 
inverters. 

Each circuit contains a Schmitt trigger followed by a Darling- 
ton level shifter and a phase splitter driving a TTL totem- 
pole output. The Schmitt trigger uses positive feed back to 


Ordering Code: see Section 5 


Logic Symbol 


IEEE/IEC 


5b— I Os 


TL/F/9461-3 


Pin Assignment 
DIP, SOIC and Flatpak 


effectively speed-up slow input transition, and provide differ- 
ent input threshold voltages for positive and negative-going 
transitions. This hysteresis between the positive-going and 
negative-going input thresholds (typically 800 mV) is deter- 
mined internally by resistor ratios and is essentially insensi- 
tive to temperature and supply voltage variations. 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 
lp NC 0, NC Ij 
[6] ) 


0, NC I, NC 0, 
TL/F/9461-2 


TL/F/9461-1 


Unit Loading/Fan Out: See Section 2 for U.L. definitions 


54F/74F 


U.L. 
HIGH/LOW 
1.0/1.0 
50/33.3 


HIGH Voltage Level 
LOW Voltage Level 


Input tya/TL 


Output Ion/lo. 
20 pA/-0.6 mA 


—1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—-0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


VT+ 
Vr- 
AVT 
Vcp 


Positive-Going Threshold 1.5 
Negative-Going Threshold 0.7 


0.4 


Hysteresis (V7 4—Vr_) 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 
=60 


Power Supply Current 
Power Supply Current 


2.5 
2.5 


VOH 


VoL 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


54F/74F 


‘ 

N 
De : 
oS 


Nm | M 
oa;}o 


4-28 


Conditions 


Typ 


1.7 
0.9 
0.8 
lin = —18mA 


—1mA 
—1mA 
—1mA 


20 mA 
20 mA 


2.7V 
= 0.5V 
= 7.0V 


I 
— 
Ph 

- 


loH = 
loH 
IOH 


lo = 
lot 


VIN 
VIN 
VIN 


> 
= 
» 


= 
> 
x 


4 
> 


Vout = 0V 


: 
> 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 


3 
> 


3/5 


3 
> 
= 
2 
x 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter oo = +5.0V 
= 50 pF 


Ta; Vec = Mil 


Propagation Delay 4.0 
In > On 3.5 
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National © 
Semiconductor 


54F/74F20 
Dual 4-Input NAND Gate 


Ordering Code: see Section 5 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 


for DIP, SOIC and Flatpak for LCC and PCC 


Dy NC Cy NC NC 
BONE! 


3) 
C NC NC NC By 
TL/F/9462-1 


TL/F/9462~2 


TL/F/9462-3 


Unit Loading/Fan Out: see eee 2 for U.L. definitions 


7 ae 
Description Input Wiy/hie 
igi Low Output Ion/loL 
or Bn: Ch, Dp Inputs 1.0/1.0 20 pA/—-0.6 mA 
Outputs 50/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Vop Input Clamp Diode Voltage 


Vou Output HIGH 54F 10% Vcc 
Voltage 74F 10% Voc 2.5 
74F 5% Vcc 2.7 


54F 10% Voc 
74F 10% Voc 


VoL Output LOW 
Voltage 


hy Input HIGH Current 


Input HIGH Current 
Breakdown Test 


hit Input LOW Current 

Output Short-Circuit Current 
IcEx Output HIGH Leakage Current 
ICcH Power Supply Current 


loc. Power Supply Current 


54F/74F 
Min Typ Max 
2.5 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial 0°C to + 70°C 


Supply Voltage 
Military +4,5V to +5.5V 
Commercial +4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1MA 


lo. = 20 mA 
lo. = 20 mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 


AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = + 285°C 
Vec = +5.0V 
C, = 50 pF 


Parameter 


Propagation Delay 2.4 
An: Ba, Ch, Dn to On 1.5 


Ta, Voc = Mil 
Cy = 50 pF 








National | 
Semiconductor 


54F/74F27 
Triple 3-Input NOR Gate 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Ay NC By NC Cy 
[8] [7] 
aa 
2 , 
1 0] 
5 
| 
REDO 


i vaRGGLG TL/F/9539-2 Bs NC As NC 0, 


TL/F/9539-1 


Unit Loading/Fan Out: see ee 2 for ULL. definitions 


Pr 7 ee 74F 
Pin Names Description: 
HIGH/LOW Output Ion/loi 
Data Outputs 50/ 33. 3 —1mA/ 20 mA 


Function Table 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 
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Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National _Semiconductor Sales Office/ Free Air Ambient Temperature 
Distributors for availability and specifications. Military —55°C to + 125°C 
Storage Temperature —65°C to + 150°C Commercial 0°C to + 70°C 
Ambient Temperature under Bias —55°C to + 125°C Supply Voltage 
Junction Temperature under Bias ~55°C to + 175°C Military + 4,.5V to + 5.5V 
Vcc Pin Potential to Commercial +4,5V to +5.5V 
Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mAto +5.0 mA 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output —0.5V to Vcc 
TRI-STATE® Output —0.5V to +5.5V 


Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 
54F/74F 
Typ 


Symbol Parameter Conditions 


Vin Input HIGH Voltage Recognized as a HIGH Signal 
Vit Input LOW Voltage 
Vep Input Clamp Diode Voltage 


Vou Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 7T4F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Short-Circuit Current 


Vv 


Recognized as a LOW Signal 
lin = —18mA 


| 
_ 
fh 


lop = —1mMA 
lon = —1imA 
lon = —imA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


NN 
N OO 


Qa 


ae) 
aan 


no 
=) 

— 
> 


> 


Vin = 0.5V 
VouT = 0V 


= 
> 


= 
> 
= 
3) 
* 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 


IcEX Output HIGH Leakage Current 
IocH Power Supply Current 


= 
ro) 
x 


IocL Power Supply Current 


| 
rey) 
° 
= 
eh) 
x 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
a aos = 50 pF 


Ta; Vec = Mil 
ee = 50 pF 


Propagation Delay 
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National © 
Semiconductor 


54F/74F30 
8-Input NAND Gate 


Ordering Code: see Sections 
Logic Symbol 


IEEE/IEC 


TL/F/9560-4 


Connection Diagrams 


Pin Assignment Pin Assignment 

for DIP, Flatpak and SOIC for LCC and PCC 
Ay NC Ay NC As 
(5) (5) 


Ay [2] 
GND fd 
NC fi 
0m 
NC 3 


i) 
TL/F/9560-1 NC NC Ay NC Ag 


TL/F/9560-2 


Unit Loading/Fan Out: see eee for U.L. definitions 


a 1. ee 
Pin Names Description Input fy/Ie 
iaiew Output lon/lou 


Ao-A7 Inputs 1.0/1.0 20 pA/—0.6 mA 
(e) Output 50/33.3 —1mA/20 mA 


Function Table 


| inputs | tpt | 
A2 AS A4 AS AG AT] OO | 


iK «KK KKK KO 
IKK KK KK Tx 
ik KKK KO KK 
ik KK KOK KK 
riK KK OK KK XK 
iK KOH KK KK XK 
xmiK Tr K KK KK XK 
mir KKK KKK XK 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


MFrrriririTriTrTy 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Veo Input Clamp Diode Voltage 


VoH Output HIGH 54F 10% Voc 
Voltage 74F 10% Vocg 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 

Input LOW Current 


Output Short-Circuit Current 
IcEx Output HIGH Leakage Current 


lcon__| Power Supply Current 
loo._| Power Supply Current 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial 0°C to + 70°C 


Supply Voltage 
Military +4.5V to +5.5V 
Commercial +4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
loo = —imA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


VIN = 0.5V 
Vout = 0V 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 


oO 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Voc = +5.0V 
Min 


Propagation Delay 1.0 
An toO 1.5 
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National | 
Semiconductor 


54F/74F32 
Quad 2-Input OR Gate 


Ordering Code: see Sections 
Logic Symbol 


lEEE/IEC 


TL/F/9463-3 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


B, NC Ay NC Op 


TL/F/9463-2 
As NC 02 NC By 


TL/F/9463-1 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


HIGH/LOW Output Ion/lot 
On Outputs 50/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias ~55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


54F/74F 
Min Ty 


Parameter 


Input HIGH Voltage 


Symbol 


VIH 
VIL 


Vcp 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% ic Creal 


VoH 
2 


Vor Output LOW 


Voltage 
lH | inputHIGH Current = HIGH Current 


p 


Input LOW Voltage eT 
Input Clamp Diode Voltage pa 


0.5 
a 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
o°C to +70°C 


+ 4.5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


ax 
Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
loo = —imA 
lon = —1mMA 
lo. = 20mA 
lo. = 20mA 


VIN = 2.7V 


Input HIGH Current Vin = 7.0V 
Breakdown Test 


i 


IcEXx 
ICCH 
loc 
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VIN = 0.5V 
— 150 VouT = OV 
Vout = Vcc 
Vo = HIGH 


Vo = LOW 





AC Electrical Characteristics: see section 2 for waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
ae ae = 50 pF 


Ta; Voc = Mil 
C, = 50 pF 
| Min Typ) Max 


Propagation Delay 3.0 
An, Bn to On 
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National 
Semiconductor 


54F/74F37 
Quad Two-Input NAND Buffer 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 
IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


B, NC Ay NC Op 
2) 7) fe) &) 4) 


TL/F/9464-3 
TL/F/9464-1 " 
As NC Op NC By 


TL/F/9464-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


ULL. Input Iypy/tie 
HIGH/LOW Output lon/lot 


H = HIGH Voltage Level 
L = LOW Voltage Level 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias .—-55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Input HIGH Voltage ate 
input Clamp Diode Voltage ae 


Vin 
ViL 
Vop 
VoH 


Input LOW Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 6% Voc 


54F 10% Voc 
74F 10% rnc el 


Output LOW 
Voltage 


| input HIGH Current = HIGH Current 


IcEx 
IocH 
IocL 


Input HIGH Current A 
Breakdown Test B 


i ane Ram 

rae eee) ee ee 
| Ouiput HIGH Leakage Curent | 250 | A | Max | 
| Power Supply Curent | 76.0 | mA | Max | 
| Power Supply Current | 28.0 33.0 | mA_| Max | 


4-42 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military . 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3mA 
lon = —12mA 
lon = —3MmA 
lon = —12mA 
lon = —3mA 
lon = —15mA 


lo. = 48 mA 
lo. = 64mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 7 
Parameter Veco = +5.0V ie pace “ 
C_ = 50 pF L P 


Propagation Delay 2.0 
An, Bn to On 1.5 
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National | 
Semiconductor 


54F/74F38 
Quad Two-Input NAND Buffer 
(Open Collector) 


Ordering Code: see Section 5 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


B, NC Ay NC Op 


TL/F/9465-3 
DEO 
TL/F/9465-1 oie ta i 
As NC 02 NC By 
TL/F/9465-2 


Unit Loading/Fan cee ee See Section 2 for U.L. definitions 


a 7 ae 
Description Input tyy/Ii 
Hiaa/tow Output Ion/loL 
Inputs 1.0/1.0 20 pA/—1.2 mA 
Outputs OC*/106.6 (80) OC*/64 mA (48 mA) 


*OC = Open Collector 


Function Table 


IGH Voltage Level 
LOW Voltage Level 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful! life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical ee 


Vix 
Vit 


Veo 


Output LOW 
Voltage 


| InputHIGH Current HIGH Current 


Inout HIGH Current 
Breakdown Test 


lit | InputLOWCurrent = LOW Current 


54F 10% Voc 
74F 10% err ees 


iH 
Invi 


ICCH 
IocL 


ee 


input HIGH Voltage ie 
input LOW Voltage — aaa 
Input Clamp Diode Voltage ee oe 


0.50 
aa 50 
eee) l= 
loHc Open Collector, Output 
OFF Leakage Test 


Power Supply Current 2.1 7.0 
Power Supply Current 26.0 30.0 = 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+ 4.5V to +5.5V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lol = 20mA 
lo. = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 


Vout = Vcc 


Vo = HIGH 
Vo = LOW 








AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
An: Bn to On 


Ta = +25°C 
Voc = +5.0V 
a 50 pF 


Ta, Vec = Mil 
C. = 50 pF 


Ta» Vcc = Com 
C. = 50 pF 
| Min Typ Max. 


6.5 : f 6.5 f 6.5 
1.0 5 : 1.0 , 1.0 
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National PRELIMINARY 
Semiconductor 


54F/74F40 
Dual 4-Input NAND Buffer 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


Pin Assignment Pin Assignment 
IEEE/IEC for DIP, SOIC and Flatpak for LCC and PCC 


Dp NC Cy NC NC 
Be) 64 


Ete 


TL/F/9466-1 C; NC NC NC By 


TL/F/9466~2 


TL/F/9466~3 


Unit Loading/Fan Soe ee See Section 2 for U.L. definitions 


Pin Names Description ULL. Input a 
HIGH/LOW Output low/loL 
An, Bn, Cp, Dp | Inputs 1.0/2.0 20 pA/—1.2 mA 
On Outputs 600/106.6 (80) —12 mA/64 mA (48 mA) 


Function Table 


= HIGH Voltage Level 
= LOW Voltage Level 
= Immaterial 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical ae 


VIH 
ViL 


Input Clamp Diode Voltage pte ft 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% cc a 


Output LOW 
Voltage 


| inputHIGH Current = HIGH Current 


lic | inputLOWCurrent = si LOW Current 


eee eee 
| OutputHIGH Leakage Curent [| 250 | wA_| Max | 
| Power Supply Curent | 6 40 | mA | Max 
| PowerSuppy Curent | 13.0 17.0 | ma_| Max | 


IceEx 
ICCH 
IocL 


—, 74F 


input HIGH Voltage eee as! 


fim ae 


Input HIGH Current 
a a Test 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4.5V to + 5.5V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

loo = —3mA 

loo = —12mA 

lon = —3mA 

lon = —12mA 

lon = —3mA 

lon = —15mA 


lo = 48 mA 
lol = 64mA 


VIN = 2.7V 
VIN = 7.0V 


VIN = 0.5V 
Vout = 9V 
Vout = Voc 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 7 = 
Parameter Vec = +5.0V . —— = ee 50 a 
C, = 50 pF ae per rer. 
yp Max | Min Max | Min Max | 
2.0 3.0 6.0 1.5 7.0 


Propagation Delay 
An: Bn: Cr, Dn to On 
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National © 
Semiconductor 


54F/74F51 
2-2-2-3 AND-OR-Iinvert Gate 


Ordering Code: see Section 5 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


D, NC C, NC B, 


4 
TL/F/9468-2 Ey NC Fo NC By 
TL/F/9468-1 


TL/F/9468-4 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description Input H/T 
sian Output Ion/loL 
An: Br Cr; Dp, Ens Fn Inputs 1.0/1.0 20 pA/—0.6 mA 
0 Outputs 50/33.3 —1mA/20mA 


Function Table for 3-Input Gates Function Table for 2-Input Gates 


All other combinations 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature ~-65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter SariT As Vcc 
Min Typ Max 


| imputHiiGH Voltage | 20 | 
| inputLowvottage | ow | 


VIH 
VIL 


Input Clamp Diode Voltage |= .2 | OV | Min 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Short-Circuit Current 


Output HIGH Leakage Current 
Power Supply Current 
Power Supply Current 


Nie 
—60 
ICEX 
ICCH 
Ioct 


-1.2 
2.5 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial! 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
lon = —1 mA 
lon = —1mMA 


lo. = 20mA 
= 20mA 


= 2.7V 
= 7.0V 


= 0.5V 
Vout = 0V 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 








AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C atop 
Parameter Veco = +5.0V bs ee ay 
C, = 50 pF bee 


Propagation Delay 
An: Bn: Cr; Op, En: Fn to On 
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National - 
Semiconductor 


54F/74F64 
4-2-3-2-Input AND-OR-Invert Gate 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


By NC Ay NC B, 


- ) 
TL/F/9467- 


TL/F/9467-1 


TL/F/9467-3 


- See a 2 ior ULL. definilions 


ar 7. ee 
Pin Names Description Input hiy/hie 
sia ow Output lon/loL 


eg Bn: Cr, Dry Inputs 1.0/1.0 20 pA/—0.6 mA 
Output 50/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias ~— 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voitage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + §.5V 


DC Electrical Characteristics 


Vin___| Input HIGH Voltage ae 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial 0°C to +70°C 
Supply Voltage 
Military + 4.5V to +5.5V 
Commercial + 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Vit Input LOW Voltage a ee Recognized as a LOW Signal 


Veo __| Input Glamp Diode Voltage aie | vf | ly = =18 mA 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Output LOW 
Voltage 


Input HIGH Current ee ee 


lon = —1mA 
lon = —1mA 
lon = —1mA 
lo. = 20 mA 
lo. = 20 mA 


VIN = 2.7V 


Input HIGH Current A Vin = 7.0V 
Breakdown Test : 


n Input LOW Current p06 | a | Mex 


Vin = 0.5V 


loch __| Power Supply Current | to 28 | ma 
a1 47 


Ioct Power Supply Current 


Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Lee Ta; Voc = Mil 
Symbol Parameter Vec = +5.0V . aaa F 
C. = 50 pF . E 
| Min Typ Max | Min Max | 
2.5 4.6 6.5 2.5 8.5 


Propagation Delay 
An: Bn, Ch Dy to (6) 
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National — 
Semiconductor 


54F/74F74 
Dual D-Type Positive Edge-Triggered Flip-Flop 


General Description 


The ’F74 is a dual D-type flip-flop with Direct Clear and Set Asynchronous Inputs: 

inputs and complementary (Q, Q) outputs. Information at the LOW input to Sp sets Q to HIGH level 
input is transferred to the outputs on the positive edge of LOW input to Gp sets Q to LOW level 
the clock pulse. Clock triggering occurs at a voltage level of Clear and Set are independent of clock 
the clock pulse and is not directly related to the transition Simultaneous LOW on Cp and Sp 

time of the positive-going pulse. After the Clock Pulse input makes both Q and © HIGH 
threshold voltage has been passed, the Data input is locked 

out and information present will not be transferred to the 

outputs until the next rising edge of the Clock Pulse input. 


Ordering Code: see sections 


Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, SOIC, and Flatpak 


TL/F/9469-3 TL/F/9469-4 


TL/F/9469-1 
IEEE/IEC 


Pin Assignment 
for LCC and PCC 


Q, NC Spy NC CP, 


TL/F/9469-6 


TL/F/9469-2 
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Unit Loading/Fan Out: See Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input A/T 
HIGH/LOW | Output Ion/loL 


D;,De Data Inputs 1.0/1.0 | 20 pA/—0.6 mA 
CP, CPa Clock Pulse Inputs (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Cp1, Cpe Direct Clear Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA 
Sp1, Spe Direct Set Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA 
Q 1, Q;, Qe, Qo | Outputs 50/33.3 —1mA/20 mA 


Truth Table 


H (h) = HIGH Voltage Level 

L (I) = LOW Voltage Level 

X = Immaterial 

Qo = Previous Q (Q) before LOW-to-HIGH Clock Transition 


Lower case letters indicate the state of the referenced input or output one 
setup time prior to the LOW-to-HIGH clock transition. 


H 
L 
L 
H 
H 
H 


Logic Diagram 


TL/F/9469-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature 

Ambient Temperature under Bias 
Junction Temperature under Bias 


Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—55°C to + 125°C 
—55°C to + 176°C 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Min 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


VoH Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 


Output Short-Circuit Current 


IcEx Output HIGH Leakage 
Current 


loc Power Supply Current 


—65°C to + 150°C 


54F/74F 
Typ 


yh 
“Noo 
I 
bi = 
ine) 


I | 
a) 
oO 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial 0°C to + 70°C 
Supply Voltage 
Military + 4,5V to +5.5V 
Commercial + 4.5V to +5.5V 


Conditions 


= 
2 
x 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loH = —1MA 
lon = —1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


= 
to) 
o 


Vin = 0.5V 
Vin = 0.5V 


Vout = 0V 
Vout = Vcc 


= = = 
Q 
2) 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vec = +5.0V Ta Vec = Mil 


| Min Typ Max | Min Max | Min Max_| 
Maximum Clock Frequency ce 


Propagation Delay 3.8 5.3 6.8 3.8 8.5 
CP, to Q, or On 4.4 6.2 8.0 4.4 10.5 i 


Propagation Delay 3.2 4.6 6.1 3.2 8.0 : : 
Con or Spn to Qn or Qn 3.5 7.0 9.0 3.5 11.5 


AC Operating Requirements: see Section 2 for Waveforms 


a 7 ee) EE ce 


Ta = +25°C 2 7 
Parameter ae eat = +5.0V Ta, a Mil Ta; ae Com 
Setup Time, HIGH or LOW ain tes. 0 | ae 0 
Dn to CPp, 3.0 4.0 


Hold Time, HIGH or LOW 
Dy to CPh 


1.0 
1.0 
CP, Pulse Width 4.0 4.0 
HIGH or LOW 5.0 6.0 a5 


Cpn or Spn Pulse Width 
LOW 


Recovery Time 
Cpn or Spn to CP 





4-59 


National - 
Semiconductor 


54F/74F86 
2-Input Exclusive-OR Gate 


Ordering Code: see section 5 
Logic Symbol Connection Diagrams 
IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


B, NC Ay NC Op 
7) 4 


TL/F/9470-3 | 
TL/F/9470-2 As NC 2 NC By 


TL/F/9470-1 


Unit Loading/Fan Out: see ee 2 for U.L. definitions 


a ae 
Description ULL. Input WH/Ie 
HIGH/LOW Output lon/loL 


a Bn Inputs 1.0/1.0 20 pA/—0.6 mA 
Outputs 50/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—-0.5V to +7.0V 
—0.5V to +7.0V 
-—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW —— 


Vcop 


VoH Output HIGH 
Voltage 


54F 10% Vcc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Vor Output LOW 
Voltage 


54F/74F 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial 0°C to + 70°C 


Supply Voltage 
Military +4.5V to +5.5V 
Commercial + 4,.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lo. = 20 mA 
lol = 20 mA 


hi Input HIGH Current 2 Vin = 2.7V 


Input HIGH Current A Vin = 7.0V 
Breakdown Test HM 


i 
loex 
loon 


loc 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
= LOW 








AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


a 


Ta = +25°C 
Parameter Vcc = + 5.0V 
C. = 50 pF 


Ta, Vcc = Mil Ta, Voc = Com 
C_ = 50 pF C_ = 50 pF 


Propagation Delay 
An: Bn to Opn 
(Other Input LOW) 
Propagation Delay 
An, Bn to On 
(Other Input HIGH) 
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National | 
Semiconductor 


54F/74F 109 


Dual JK Positive Edge-Triggered Flip-Flop 


General Description 

The 'F109 consists of two high-speed, completely indepen- 
dent transition clocked JK flip-flops. The clocking operation 
is independent of rise and fall times of the clock waveform. 
The JK design allows operation as a D flip-flop (refer to ’F74 
data sheet) by connecting the J and K inputs. 


Ordering Code: see Sections 
Logic Symbols 


Asynchronous Inputs: 


LOW input to Sp sets Q to HIGH level 

LOW input to Cp sets Q to LOW level 

Clear and Set are independent of clock 

Simultaneous LOW on Cp and Sp makes both Q and Q 
HIGH 


Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


TL/F/9471-3 


Ss 


2 
CP 


Ko Q2 
Co2 


TL/F/9471-4 


IEEE/IEC 


TL/F/9471-6 


4-63 


Q SpyNC CP, ky 


i ee A oe 
Sp2P2NC Kp b 


TL/F/9471-1 TL/F/9471-2 





60! 





109 


Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 
Description ULL. Input tia/e 
HIGH/LOW | Output Ion/loL 


J4, Jo, Ky, Ko Data Inputs 1.0/1.0 20 pA/—0.6 mA 


CPy, CPa Clock Pulse Inputs (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Cp1; Cpe Direct Clear Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA 
Spi, Sp2 Direct Set Inputs (Active LOW) 1.0/3.0 20 pA/—1.8mA 
Q1, Q2,Q;, Qs | Outputs 50/33.3 —1mA/20 mA 





Truth Table 


H (h) = HIGH Voltage Level 

L (Il) = LOW Voltage Level 

—~ = LOW-to-HIGH Transition 

X = Immaterial 

Qo (Qo) = Before LOW-to-HIGH Transition of Clock 

Lower case letters indicate the state of the referenced output one setup time 
prior to the LOW-to-HIGH clock transition. 


Cp 


TL/F/9471-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


VI 
ViL 


Input LOW Voltage 


Veco 


VoH Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


VoL 


hi Input HIGH Current —— at 
Input HIGH Current 
—1. 8 


Output Short-Circuit Current 
Output HIGH Leakage Current ee ee 
Power Supply Current 11.7 17.0 | mA | Max | 


IBvi 


los 
Icex 
loc 


Input HIGH Voltage pete ee 
Input Clamp Diode Voltage te |v | in| 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
fis ye oil = 5] Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1MA 
loo = —1mA 


lo. = 20 mA 
lo. = 20 mA 


Vin = 2.7V 
Vin = 7.0V 


VIN = 0.5V (Jn, Ky) 
Vin = 9.5V (Con, Spn) 


Vout = 9V 
Vout = Vcc 
CP = OV 





601 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C, = 50 oe 


| Min Typ Max | Min Max _| 
laimnGbaFemmey| 100s || 


Propagation Delay 3.8 5.3 7.0 3.8 9.0 
CP, to Qn or Qh 4.4 6.2 8.0 4.4 10.5 


Propagation Delay 
Con oF Spn to 
Qn or Qn 


Ta; Vec = Mil Ta; Vec = Com 
C, = 50 pF C, = 50 pF 


3.2 5.2 7.0 
3.5 7.0 9.0 


AC Operating Requirements: see Section 2 for Waveforms 


ee 


Ta = +25°C 
Vec = +5.0V 


Setup Time, HIGH or LOW 3.0 

Jn or Ky to CP, 4.0 

Hold Time, HIGH or LOW 1.0 1.0 
Jn or Ky, to CP, 1.0 1.0 
CP, Pulse Width 


HIGH or LOW 


Con or Spn Pulse Width, 
LOW 


Recovery Time 


Parameter Tas Vec = Mil Ta, Vec = Com 
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oLb 


National © 
Semiconductor 


54F/74F112 
Dual JK Negative Edge-Triggered Flip-Flop 


General Description 


The 'F112 contains two independent, high-speed JK flip- | Asynchronous Inputs: 

flops with Direct Set and Clear inputs. Synchronous state LOW input to Sp sets Q to HIGH level 
changes are initiated by the falling edge of the clock. Trig- LOW input to Cp sets Q to LOW level 
gering occurs at a voltage level of the clock and is not di- Clear and Set are independent of clock 
rectly related to the transition time. The J and K inputs can Simultaneous LOW on Cp and Sp makes both Q 
change when the clock is in either state without affecting and Q HIGH 

the flip-flop, provided that they are in the desired state dur- 

ing the recommended setup and hold times relative to the 

falling edge of the clock. A LOW signal on Sp or Cp pre- 

vents clocking and forces Q or Q HIGH, respectively. Simul- 

taneous LOW signals on Sp and Co force both Q and Q 

HIGH. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9472-3 TL/F/9472-4 


IEEE/IEC 


TL/F/9472~1 


Pin Assignment for LCC 
Q, Q, NC Spy Jy 
(6) 


TL/F/9472-6 


TL/F/9472-2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


J1, Ja, Ky, Ko Data Inputs 


CPy, CP. Clock Pulse Inputs (Active Falling Edge) 
Cp1, Cpe Direct Clear Inputs (Active LOW) 

Sp1, Sp2 Direct Set Inputs (Active LOW) 

Q1, Qe, Qy, Qe Outputs 


54F/74F 


U.L. Input Iya/lie 
HIGH/LOW Output Ion/lot 


1.0/1.0 20 wA/—0.6 mA 
1.0/4.0 20 pA/—2.4mA 
1.0/5.0 20 pA/-3.0 mA 
1.0/5.0 20 pA/—3.0 mA 
50/33.3 —1mA/20 mA 





Truth Table 


wl 
o 
al 
0 
: 
i 


-—-7- 57K KK I/O 
-—-- 757K KX XKIA 


H(h) = HIGH Voltage Level 

L(l) = LOW Voltage Level 

X = Immaterial 

“ = HIGH-to-LOW Clock Transition 

Qo(Qo) = Before HIGH-to-LOW Transition of Clock 


Lower case letters indicate the state of the referenced input or output one 
setup time prior to the HIGH-to-LOW clock transition. 


TL/F/9472-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical See a 


VIH 
Vit 
Vcep 


Vou Output HIGH 


Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% see poe 


ae 


Output LOW 
Voltage 


| InputHIGHCurrent HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 


| Output Short-CircutCurrent | -6o = 150 | mA_| Max | 
| OutputHIGH Leakage Current | 250 | uA | Max | 
| PowerSupplyCurent | 1249 | mA | Max | 
| PowerSupplyCurent | tt | ma | Max | 


IcEx 
ICCH 
loc 


eee 74F 


Input HIGH Voltage Sree a 
Input LOW Voltage aan cape (eae 
Input Clamp Diode Voltage pte | in| 


2.7 
0.5 
canine 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
V lon = —1mA 
=—-1mA 
lol = 20mA 
lo. = 20 mA 
VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V (Jn, Kn) 
Vin = 0.5V (CPp) 
VIN = 9.5V (Con: Spn) 


Vout = 0V 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 


ache 





cLL 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter Vec = +5.0V ‘~ hoe = aaa Sa 
C. = 50 pF apt pe 


Maximum Clock Frequency a ee a MHz 
Propagation Delay 2.0 
CP, to Q, or Qn 2.0 2 i 
Propagation Delay 2.0 4.5 6.5 
Con: Spn to Qn: Qn 2.0 4.5 6.5 
AC Operating — See Section 2 for Waveforms 


= + ‘4 
or 25°C | Ta, Veo = Mil Ta, Voc = Com 


Parameter wees a = +5.0V 


Setup Time, HIGH or ee 
Jn or Ky to CP, 


Hold Time, HIGH or LOW 
Jn or Ky, to CP, 


CP Pulse Width 
HIGH or LOW 


Pulse Width, LOW 
Cpn or Spn 


Recovery Time 
Son: Con to CP 





National | 
Semiconductor 


54F/74F113 
Dual JK Negative Edge-Triggered Flip-Flop 


General Description 


The ’F113 offers individual J, K, Set and Clock inputs. When = Asynchronous input: 

the clock goes HIGH the inputs are enabled and data may LOW input to Sp sets Q to HIGH level 
be entered. The logic level of the J and K inputs may be Set is independent of clock 

changed when the clock pulse is HIGH and the flip-flop will 

perform according to the Truth Table as long as minimum 

setup and hold times are observed. Input data is transferred 

to the outputs on the falling edge of the clock pulse. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 

IEEE/IEC DIP, SOIC and Flatpak for LCC and PCC 
Qy NC SpyNC Jy 
(6) [5] 


TL/F/9473=1 Son NC a NC Ke 


TL/F/9473-2 


TL/F/9473-3 TL/F/9473~4 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input tn/Iyb 
HIGH/LOW | Output IoH/loL 


Jy, Jo, Ky, Ko Data Inputs 1.0/1.0 20 pA/—0.6 mA 
CP,, CPo Clock Pulse Inputs (Acitve Falling Edge) 1.0/4.0 20 pA/—2.4mA 
Sp1, Spe Direct Set Inputs (Active LOW) 1.0/5.0 20 pA/—3.0 mA 
Q4,Q2,G;,Q. | Outputs 50/33.3 —1mA/20 mA 
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Truth Table 


H(h) = HIGH Voltage Level 

L(l) = LOW Voltage level 

™ = HIGH-to-LOW Clock Transition 

X = Immaterial 

Qo (Qo) = Before HIGH-to-LOW Transition of 
Clock 


Lower case letters indicate the state of the referenced input or output prior 
to the HIGH-to-LOW clock transition. 


TL/F/9473-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Distributors for availability and specifications. 
—65°C to + 150°C 


Storage Temperature 


Ambient Temperature under Bias 
Junction Temperature under Bias 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 


—55°C to + 125°C 
—55°C to + 175°C 


Military 


Military 


Commercial 
Supply Voltage 


Commercia! 


—0.5V to +7.0V 
—0.5V to +7.0V 


—55°C to + 125°C 
0°C to + 70°C 


+ 4,5V to +5.5V 
+4.5V to +5.5V 


Input Current (Note 2) —30 mA to +5.0 mA 


Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin 


VIL Input LOW Voltage 


InputClamp Diode Voltage | 1.2 || Min 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Vcc 


54F 10% Voc 
74F 10% Voc 


2.5 
2.7 


Output LOW 
Voltage 


Input HIGH Current Max 


Input HIGH Current 
Breakdown Test 


Nie Input LOW Current 


1OZH Output Leakage Current 


loz 
los 
ICEX 
loc 


Symbol Parameter ie Vec 
Min Typ Max 


_InputHiGHVotage | 20 | 
ee ee ee 


—1.2 
2.5 
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Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


loo = —1mA 
loH = —1mMA 
loH = —1mA 


lo. = 20mA 
lo. = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V (Jp, Kn) 
Vin = 0.5V (CP,) 
Vin = 0.5V (Spn) 


Vout = 2.7V 
Vout = 0.5V 
Vout = OV 

Vout = Vcc 


Power Supply Current 12 19 Max 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C._ = 50 pF 


Min Typ Max 
Maximum Clock Frequency | 85 105 —j—____| #2 __| ie | 
Propagation Delay 2.0 
CP, to Qn or Qn 2.0 4 ; 
Propagation Delay 2.0 : : 
Spn to Q, or On 2.0 


N 


Ta; Vec = Mil 
C, = 50 pF 


AC Operating Requirements: see Section 2 for Waveforms 


a 


Ta = +25°C 


rameter 
Paramete Voc = +5.0V 


Ta, Voc = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 
Jn or Ky to CP, 


Hold Time, HIGH or LOW 
Jn or K, to CP, 


CP, Pulse Width 
HIGH or LOW 


Spn Pulse Width, LOW 


Spn to CP, 
Recovery Time 
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National - 
Semiconductor 


54F/74F114 
Dual JK Negative Edge-Triggered Flip-Flop 
with Common Clocks and Clears 


General Description 
The ’F114 contains two high-speed JK flip-flops with com- | Asynchronous Inputs: 


mon Clock and Clear inputs. Synchronous state changes LOW input to Sp sets Q to HIGH level 
are initiated by the falling edge of the clock. Triggering oc- LOW input to Cp sets Q to LOW level 
curs at a voltage level of the clock and is not directly related Clear and Set are independent of Clock 
to the transition time. The J and K inputs can change when Simultaneous LOW on Cp and Sp 

the clock is in either state without affecting the flip-flop, pro- makes both Q and Q HIGH 


vided that they are in the desired state during the recom- 
mended setup and hold times relative to the falling edge of 
the clock. A LOW signal on Sp or Cp prevents clocking and 
forces Q or Q HIGH, respectively. Simultaneous LOW sig- 
nals on Sp and Cp force both Q and Q HIGH. 


Ordering Code: sce Sections 


Logic Symbols Connection Diagrams 
Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 
Qs NC Spy NC Jy 
(6) ) 





TL/F/9474-3 





[EEE/IEC TL/F/9474-1 





TL/F/9474-2 





TL/F/9474-5 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description , ULL. Input IH/HL 
HIGH/LOW | Output IoH/IoL 


Jy, Ja, Ky, Ke Data Inputs 1.0/1.0 20 pA/—0.6 mA 


CP Clock Pulse Input (Active Falling Edge) 1.0/8.0 20 pA/—4.8 mA 
Cp Direct Clear Input (Active LOW) 1.0/10.0 20 pA/—6.0 mA 
Sp1. Sp2 Direct Set Inputs (Active LOW) 1.0/5.0 20 pA/—3.0 mA 
Qy, Q2, Q;,Q2 | Outputs 50/33.3 —1mA/20 mA 


Truth Table 





-37-3s>xxxfJe 
—--—- 7 57K K KIRK 


C07 (xxx 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

™& = HIGH-to-LOW Clock Transition 

Qo (Qo) = Before HIGH-to-LOW Transition of Clock 


Lower case letters indicate the state of the referenced input or output one setup time prior to the HIGH-to-LOW clock transition. 


Logic Diagram (one haif shown) 


TL/F/9474-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specifled devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect Inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Se a 


VIH 
VIL 
Vop 


Input LOW Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F §% Voc 


54F 10% Voc 
74F 10% Voc 


Vou 


Output LOW 
ie 


| inputHiGH Current = HIGH Current 


Input HIGH Current A 
Breakdown Test e 


Input LOW Current 


[ Suiput Short GreukGurent | 60150 | ma | Max 
Conseielauageoaa eon ee ie 
| PowerSupplyCurent | 12.0 48.0 | mA_| Max | 
| PowerSupply Curent | 12.0 18.0 | mA | Max | 


IcExX 
IocH 
loc. 


ee 74F 


Input HIGH Voltage ante tt | 
Input Clamp Diode Voltage se 
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Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
in = —18mA 


lon = —1mA 
loH = —1MA 
loo = —1mA 


lo. = 20mA 
lol = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V (Un, Kn) 
Vin = 0.5V (Spn) 
Vin = 0.5V (CP) 
Vin = 0.5V (Con) 
Vout = 0V 

Vout = Vcc 

Vo = HIGH 

Vo = LOW 





vil 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


= Ta, Vcc = Mil | Ta, Vcc = Com 
Symbol Parameter e = snr _ C.=50pF | C,=50pF 


Maximum Clock Frequency ed 


Propagation Delay 3.0 5.0 6.5 
CP to Q, or On, 3.0 5.5 7.5 
6.5 


Cpn or Spn to Q, or On 3.0 4.5 


AC Operating dic lle See Section 2 for Waveforms 


Ta = +25°C 


Symbol Parameter a7 = +5.0V 


Ta; Vcc = Mil 


Setup Time, HIGH or LOW 
Jn or Ky to CP 


Hold Time, HIGH or LOW 
Jn or Ky to CP 


4, eer 
3.0 
CP Pulse Width 4.5 
HIGH or LOW 4.5 


Cpn or Spn Pulse Width, 
LOW 


Recovery Time 
Son: Con: to CP 
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National | 
Semiconductor 


54F/74F125 
Quad Buffer (TRI-STATE®) 


Features 
m@ High impedance base inputs for reduced loading 


Ordering Code: see sections 


Logic Symbol Connection Diagrams 


Pin Assignment Pin Assignment 
IEEE/IEC for DIP, SOIC and Flatpak for LCC and PCC 


By NC Ay NC Op 
) 7 (el (§) 4) 


TL/F/9475-4 TL/F/9475-1 rT 
ees As NC 02 NC By 


TL/F/9475-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input hy/Aie 
HIGH/LOW Output Iox/lot 


H = High Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 

X = Immaterial 





Sel 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin 
VIL 
Vop 


Vou Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


| inputHiGH Current = HIGH Current 


54F 10% Voc 
74F 10% ac an a a 


aa 
| Min Typ Max_| 


Input HIGH Voltage Sa za 
Input LOW Voltage SS See 
Input Clamp Diode Voltage ate |v in| 





Input HIGH Current A 
Breakdown Test B 


| input ow urent | 200 | A 

eee ee 
| Output Leakage Curent | 80 |_| Max | 
| Ouiputshort-Circuit Current | -100 225 | ma_| Max | 
| Output HIGH Leakage Current | 250 | HA | Max 
| BussDrainagoTest_ | 800A 
| PowerSupplyCurent | 185240 | mA | Max | 
| PowerSupply Curent | at.7_ 40.0 | ma_| Max | 
| PowerSupplyCurent | 276350 | mA | Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 

log = —3mA 

lon = —12mA 

log = —3 mA 

lon = —12mA 

loo = —3mA 

lon = —15mA 

lol = 48 mA 

lo. = 64mA 


VIN = 2.7V 
VIN = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Vcc 
Vout = Voc 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 





Sel 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta, Vec = Mil 


= + 
Parameter Vec 5.0V ae = 50 pF 


eae cee a = 50 pF 


Propagation Delay 


Output Enable Time 


Output Disable Time 
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National — 
Semiconductor 


54F/74F132 


PRELIMINARY 


Quad 2-Input NAND Schmitt Trigger 


General Description 


The ’F132 contains four 2-input NAND gates which accept 
standard TTL input signals and provide standard TTL output 
levels. They are capable of transforming slowly changing 
input signals into sharply defined, jitter-free output signals. 
In addition, they have a greater noise margin than conven- 
tional NAND gates. 


Ordering Code: see section 5 
Logic Symbol 


IEEE/IEC 


TL/F/9477-3 


Pin Assignment for 
DIP, SOIC and Flatpak 


Each circuit contains a 2-input Schmitt trigger followed by 
level shifting circuitry and a standard FAST® output struc- 
ture. The Schmitt trigger uses positive feedback to effective- 
ly speed-up slow input transitions, and provide different in- 
put threshold voltages for positive and negative-going tran- 
sitions. This hysteresis between the positive-going and neg- 
ative-going input threshold (typically 800 mV) is determined 
by resistor ratios and is essentially insensitive to tempera- 
ture and supply voltage variations. 


Connection Diagrams 

Pin Assignment 

for LCC and PCC 
By NC Ay NC Op 


Az NC 0, NC By 


TL/F/9477-2 


TL/F/9477~1 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description U.L. Input t/t 
HIGH/LOW Output Ion/loL 


1.0/1.0 
50/33.3 


Inputs 
Outputs 


= HIGH Voltage Level 
= LOW Voltage Level 





20 pA/—0.6 mA 
—1mA/20 mA 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


OV) 
—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Parameter 


Positive-going Threshold 
Negative-going Threshold 


Hysteresis (V7 t+ — V77) 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
TAFE 5% Voo 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


hi 
Breakdown Test 


Power Supply Current 
Power Supply Current 


Symbol 


VT+ 
Vr 
AVtT 
Vcp 
VoH 


Voltage 


VoL 


eee 74F 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to +70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Vec Conditions 


lin = —18mA 


lop = —1imA 
lon = —1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 


ole 
° 


= 
re) 
x 





cel 


132 


AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


ae aa Ma 
Ta = +25°C 
= Ta; Vec = Mil Ta; Vec = Com 
Parameter Veco = +5.0V C. = 50 pF C_ = 50 pF 


CL = 50 pF 


Min Typ Max 


Propagation Delay 7.0 
An; Bn to On 8.5 
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Semiconductor 


54F/74F138 
1-of-8 Decoder/Demultiplexer 


General Description Features 

The 'F138 is a high-speed 1-of-8 decoder/demultiplexer. | ™ Demultiplexing capability 

This device is ideally suited for high-speed bipolar memory Multiple input enable for easy expansion 
chip select address decoding. The multiple input enables ™ Active LOW mutually exclusive outputs 
allow parallel expansion to a 1-of-24 decoder using just 

three 'F138 devices or a 1-of-32 decoder using four 'F138 

devices and one inverter. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment for DIP, Pin Assignment 
SOIC and Flatpak for LCC and PCC 

Ex E, NC E; A» 

(5) GB) 


5, 

GND 
NC 
0, 

IEEE/IEC os = 


BIN/OCT 
0 3) 
Ay —11 0, 0; NC 6, 4, 


2 TL/F/8476-1 


TL/F/8478-3 


1 

2 
3 
4 
5 
6 
7 
8 


= Oo 


TL/F/9478-2 


NO WM & WD 


TL/F/9478-6 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input l/l 
HIGH/LOW | Output Ion/lo. 


Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Enable Inputs (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Enable Input (Active HIGH) 1.0/1.0 20 pA/—0.6 mA 
Outputs (Active LOW) 50/33.3 —1mA/20 mA 
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138 


Functional Description 


The 'F138 high-speed 1-of-8 decoder/demultiplexer ac- 
cepts three binary weighted inputs (Ag, Ai, Az) and, when 
enabled, provides eight mutually exclusive active LOW out- 
puts (Op-07). The 'F138 features three Enable inputs, two 
active LOW (Ey, Es) and one active HIGH (Eg). All outputs 
will be HIGH unless E, and Ep are LOW and Ez is HIGH. 
This multiple enable function allows easy paralle! expansion 


Truth Table 


of the device to a 1-of-32 (5 lines to 32 lines) decoder with 
just four 'F138 devices and one inverter (See Figure 7). The 
’F138 can be used as an 8-output demultiplexer by using 
one of the active LOW Enable inputs as the data input and 
the other Enable inputs as strobes. The Enable inputs which 
are not used must be permanently tied to their appropriate 
active HIGH or active LOW state. 


Ol 
i—) 
[-) 
Ol 
ND 
Ol 
wo 
O! 
> 
Ol 
n 
Ol 
i-7) 
O! 
S 


rmProrereererererw XK 
rroee oeooe KX ox 
TrertTtT TIT TTr TK xX 
Iretdreiwirtr KK XK 
ZoOrere TtlTioceree- KKK 
bs ge a en CMR cae a oe Dee Se << 
Lo. Wk: Looe Lz 
ae: EE ee a 


H = HIGH Voltage Levet 
L = LOW Voltage Level 
X = Immaterial 


Logic Diagram 


TrrtrtrTraTastTrTTtTte 


FrrTarTeretrTrTirtiTgaie 
aera DGTororriTgwsgT 
ToiIretrTzrrsgr¢tTgTTe 
TererTrrTTTrTrTri7Tt~TieiTas$7Ts 
THTHrrTrirrTrrririaTrie 


RSL 


TL/F/9478-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ . : 
Distributors for availability and specifications. — 2 nblentTemperaiite ~55°C to + 125°C 
Storage Temperature —65°C to + 150°C paca sore 0°C to + 70°C 
Ambient Temperature under Bias —55°C to + 125°C Supply Voltage 
Junction Temperature under Bias —55°C to + 175°C Military +4.5V to +5.5V 
Voc Pin Potential to Commercial + 4,5V to +5.5V 
Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output —0.5V to Vcc 
TRI-STATE® Output —0.5V to +5.5V 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 
Min Typ 


Symbol Conditions 


= 
» 
x 


Recognized as a HIGH Signal 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lo. = 20mA 
lol = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Output HIGH 54F 10% Voc 


Voltage 74F 10% Voc 
74F 5% Voc 





Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 
lie Input LOW Current 
Output Short-Circuit Current —60 


IcEX Output HIGH Leakage Current 
ICCH Power Supply Current 13 
IocL Power Supply Current 13 


Vin = 0.5V 
Vout = 0V 


a 
Oo 
= 
Be 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 


hyp 
Noo 
nN rw 
oO oO 


| 
=) 
ais 
> |> 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Symbol Parameter Vec = +5.0V 
C. = 50 pF 


Tas Vec = Mil 
C, = 50 pF 
Min 


Propagation Delay 3.5 3.5 
An to On 4.0 4.0 


Propagation Delay 3.5 5.4 3.5 
E, or Eo to, 3.0 5.3 3.0 


Propagation Delay 4.0 6.2 4.0 
E3 to, 3.5 5.6 3.5 


TL/F/9478-5 
FIGURE 1. Expansion to 1-of-32 Decoding 
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National - 
Semiconductor 


54F/74F139 
Dual 1-of-4 Decoder/Demultiplexer 





Features 

w Multifunction capability 

m Two completely independent 1-of-4 decoders 
mw Active LOW mutually exclusive outputs 


General Description 


The ’F139 is a high-speed, dual 1-of-4 decoder/demultiplex- 
er. The device has two independent decoders, each accept- 
ing two inputs and providing four mutually exclusive active 
LOW outputs. Each decoder has an active LOW Enable in- 
put which can be used as a data input for a 4-output demul- 
tiplexer. Each half of the ’'F139 can be used as a function 
generator providing all four minterms of two variables. 


Ordering Code: see Section 5 


Logic Symbols 


Connection Diagrams 


Pin Assignment 
DIP, SOIC and Flatpak 







Ag 


Ay 


Ag Ay 





DECODER a DECODER b ; 
3 
4 
5 
TL/F/9479-3 TL/F/9479-4 : 
7 
IEEE/IEC 8 
a 0 Ons TL/F/9479-1 
Ade |! 19, 
Ay 2 _'8 Pin Assignment 
c, - 2 O29 for LCC and PCC 
3 03a Don 49 NC Oe Ata 
j Sob a fesics) 
Ob On nn ee 
oe O05 
Fb O35 


TL/F/9479-7 





8.88 
Oj Ap NC Ayn Agp 


Unit Loading/Fan Out: see eee 2 for U.L. definitions 


TL/F/9479-2 










| gaR7aF 74F 
Pin Names Description 
HIGH/LOW Output Ion/lot 
Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Enable Inputs (Active LOW) 1.0/1.0 20 pA/—0.6 mA 





Outputs (Active LOW) 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F139 is a high-speed dua! 1-of-4 decoder/demultiplex- 
er. The device has two independent decoders, each of 
which accepts two binary weighted inputs (Ag—A,) and pro- 
vides four mutually exclusive active LOW Outputs (Op-O3). 
Each decoder has an active LOW enable (E). When E is 
HIGH all outputs are forced HIGH. The enable can be used 


Truth Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Logic Diagram 


Ooa Ole Ore 


Ate Ep Aob Ath 
Oz, op 1p Oop O35 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


as the data input for a 4-output demultiplexer application. 
Each half of the ’F139 generates all four minterms of two 
variables. These four minterms are useful in some applica- 
tions, replacing multiple gate functions as shown in Figure 7, 
and thereby reducing the number of packages required ina 
logic network. 


ee 
=D 
=D» 
=D 


03 


TL/F/9479-6 
FIGURE 1. Gate Functions (each half) 
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Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National _Semiconductor Sales Office/ Free Air Ambient Temperature 
Distributors for availability and specifications. Military —55°C to +125°C 
Storage Temperature —65°C to + 150°C Commercial O’°C to +70°C 
Ambient Temperature under Bias —55°C to + 125°C Supply Voltage 
Junction Temperature under Bias — 55°C to + 175°C Military +4.5V to +5.5V 
Voc Pin Potential to Commercial +4.5V to +5.5V 
Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to + 7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output -0.5V to Voc 
TRI-STATE® Output —0.5V to + 5.5V 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 


VIL Input LOW Voltage 


Conditions 


i) 
° 

3 

= 

» 

< 


yNr 
NOM 
mw joo | 
Olam re 
= 
> 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lol = 20mA 
lol = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Vcc 


fh 


Voltage 74F 10% Voc 
74F 5% Voc 





Output LOW 54F 10% Vcc 
Voltage 74F 10% Voc 


Breakdown Test 


IcEx Output HIGH Leakage Current 
loc Power Supply Current 


=: 
> 


> 
x 


Vin = 0.5V 
VouT = OV 


ie) 
qi 
o 
5 
> 


Vout = Vcc 


<i 
x 


i) 
° 
> 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
“eo = 50 pF 


Propagation Delay 2.5 12.0 3.0 
Ao or A; toO, 8.0 3.5 9.5 4.0 9.0 
7.0 3.0 9.0 3.5 8.0 


Propagation Delay 


Ta, Vec = Mil 
C, = 50 pF 





National - 
Semiconductor 


54F/74F 148 


8-Line to 3-Line Priority Encoder 


General Description 


The ’F 148 provides three bits of binary coded output repre- 
senting the position of the highest order active input, along 
with an output indicating the presence of any active input. It 
is easily expanded via input and output enables to provide 
priority encoding over many bits. 


Ordering Code: see Section 5 


Logic Symbols 


Features 

gm Encodes eight data lines in priority 

m Provides 3-bit binary priority code 

@ Input enable capability 

m@ Signals when data is present on any input 
m@ Cascadable for priority encoding of n bits 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


an > 


a 


iw 


E 
Ag 


TL/F/9480-3 


on mn er WD 


° 
4 
5 2' 


IEEE/IEC 


HPRI/BIN 


TL/F/9480-6 


/ = 
TC pe TL/F/9480-2 


Unit Loading/Fan Out: See Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input hy/Te 
HIGH/LOW | Output lon/loL 


Priority Input (Active LOW) 1.0/1.0 
Priority Inputs (Active LOW) 1.0/2.0 
Enable Input (Active LOW) 1.0/1.0 
Enable Output (Active LOW) §0/33.3 
Group Signal Output (Active LOW) 50/33.3 
Address Outputs (Active LOW) 50/33.3 


20 pA/—0.6 mA 
20 pA/-1.2 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The ’F148 8-input priority encoder accepts data from eight 
active LOW inputs (Ip—I7) and provides a binary representa- 
tion on the three active LOW outputs. A priority is assigned 
to each input so that when two or more inputs are simulta- 
neously active, the input with the highest priority is repre- 
sented on the output, with input line 7 having the highest 
priority. A HIGH on the Enable Input (El) will force all out- 
puts to the inactive (HIGH) state and allow new data to set- 
tle without producing erroneous information at the outputs. 


Truth Table 


A Group Signal output (GS) and Enable Output (EO) are 
provided along with the three priority data outputs (Apo, Aj, 
Ao). GS is active LOW when any input is LOW: this indicates 
when any input is active. EO is active LOW when all inputs 
are HIGH. Using the Enable Output along with the Enable 
Input allows cascading for priority encoding on any number 
of input signals. Both EO and GS are in the inactive HIGH 
state when the Enable Input is HIGH. 
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H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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TL/F/9480-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 


Recommended Operating 
Conditions 


Srl 


contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature — 65°C to + 150°C 
Ambient Temperature under Bias ~—55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


VIH Input HIGH Voltage 


VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


= = 


54F/74F 
Typ 


Conditions 


= 
7) 
x 


Min 
Recognized as a HIGH Signa! 


Recognized as a LOW Signal 


lin = —18mA 


lon = —1mA 
log = —1imA 
log = —imA 


lop = 20mA 
lo. = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vcp 
VOH 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 

Input HIGH Current 
Breakdown Test 

Input LOW 

Current 

Output Short-Circuit Current 


Output HIGH Leakage Current 
Power Supply Current 
Power Supply Current 


3 
> 


Vin = 0.5V_ (Ig, El) 
Vin = 0.5V_ (11-I7} 


Vout = 0V 


3 
> 


—60 


yunNm Nh 
NOM 
bl nm }oo 
7 Oo Ola wm 
fo Oo 


3/3 /5 {3 


= 
7) 
x 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 


IceEx 
IocH 
Ioct 


aw 
| 
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Application 


Parameter 


Propagation Delay 
In to An 


Propagation Delay 
i, to EO 
Propagation Delay 
I, to GS 
Propagation Delay 
EI to A, 


Propagation Delay 
El toGS 


Propagation Delay 
El to EO 


2.5 
2.5 


2.5 
2.5 


2.5 
2.5 


2.5 


2.5 
2.5 
3.0 


16-Input Priority Encoder 


Ta = +25°C 
Voc = +5.0V 
Cy = 50 pF 


5.5 


7.0 
6.0 


6.5 
6.0 


5.0 
6.0 


5.5 
8.0 
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Tas Vcc = Mil 
C. = 50 pF 


ENABLE 


Tas Vec = Com 


TL/F/9480-5 
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National - 
Semiconductor 


54F/74F151A 
8-Input Multiplexer 


General Description 


The ’F151A is a high-speed 8-input digital multiplexer. It pro- universal function generator to generate any logic function 
vides in one package the ability to select one line of data _ of four variables. Both assertion and negation outputs are 
from up to eight sources. The 'F151A can be used as a___ provided. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment for DIP, Pin Assignment 
SOIC and Flatpak for LCC and PCC 
ZZNb I 
@ 4) 
a a 





TL/F/9481-3 
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TL/F/9481-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input Iy/e 
HIGH/LOW Output Ion/lot 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Data Output 50/33.3 —1mA/20 mA 
Inverted Data Output 50/33.3 —1mA/20 mA 
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Functional Description 
The ’F151A is a logic implementation of a single pole, 8-po- 
sition switch with the switch position controlled by the state 
of three Select inputs, So, S;, Se. Both assertion and nega- 
tion outputs are provided. The Enable input (E) is active 
LOW. When it is not activated, the negation output is HIGH 
and the assertion output is LOW regardless of all other in- 
puts. The logic function provided at the output is: 
Z = Ee (Ip So Sy Sp + Iq) SoS; So + Ip So Sy So + 

lg So Sy So + 14 So S84 So + Ig So S1Sq + 

Ig Sz Sy So + I7 Sp Sy So) 
The ’F151A provides the ability, in one package, to select 
from eight sources of data or control information. By proper 
manipulation of the inputs, the ’F151A can provide any logic 
function of four variables and its negation. 


Logic Diagram 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


1S oe 
| 
ai || a 


siti 


TL/F/9481-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (Note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Vin 
VIL 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% cic aaa 


Voltage 





Output LOW 
Voltage 


| inputHIGH Current = HIGH Current 


Input HIGH Current 

fac al Test 

Output Short-Circuit Current Seer EMC 
Output HIGH Leakage Current | 250 | A | Max 
Power Supply Current 13.5 21.0 | mA | Max | 


| InputLOWCurrent = LOW Current 


IcEX 
loc 


4-99 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loo = —1mA 
loH = —1mA 
loo = —1mA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
VIN = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
S, to Z 
Propagation Delay 
Spy to Z 


Propagation Delay 
EtoZ 


Propagation Delay 
EtoZ 


Propagation Delay 
In toZ 


Propagation Delay 
Into Z 


Ta = +25°C 
Vec = +5.0V 
C. = 50 pF 


4.6 7.5 10.5 
4.0 9.0 


3.0 6.1 


3.0 
3.7 7.0 
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Ta: Veco = Mil 
C, = 50 pF 


4.0 
3.0 


3.5 


11.5 


13.5 4.5 
9.5 4.0 


7.5 3.0 . 
6.5 2.5 : 
4.0 12.0 4.0 10.5 
3.0 8.0 3.0 7.5 
2.5 7.5 3.0 7.0 
6.0 1.5 5.0 
8.5 2.5 7.5 
9.0 3.7 7.5 
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54F/74F 153 
Dual 4-Input Multiplexer 


General Description 


The ’F153 is a high-speed dual 4-input multiplexer with com- two buffered outputs present data in the true (non-inverted) 
mon select inputs and individual enable inputs foreach sec- —_ form. In addition to multiplexer operation, the 'F153 can 
tion. It can select two lines of data from four sources. The = generate any two functions of three variables. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 

for DIP, SOIC and Flatpak for LCC and PCC 
pe Ma '20 "3a lob ib ab Isp a a oO 
ea} EB ES 


TL/F/9482~3 





a.5,8,8 
(4) (5) fe) (2) G3) 
Ith lap NC !3,, So 


ont oak WH 


IEEE/IEC 


TL/F/9482-1 TL/F/9482-2 


TL/F/9482-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description U.L. Input WH/lie 
HIGH/LOW | Output Ion/loL 


Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Side B Data Inputs 1.0/1.0 20 pA/—-0.6 mA 
Common Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Side A Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side B Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side A Output 50/33.3 —1mA/20 mA 
Side B Output 50/33.3 —1mA/20 mA 





4-101 


153 


Functional Description 


The 'F153 is a dual 4-input multiplexer. It can select two bits 
of data from up to four sources under the control of the 
common Select inputs (So, S1). The two 4-input multiplexer 
circuits have individual active LOW Enables (Eg, Ep) which 
can be used to strobe the outputs independently. When the 
Enables (Ea, Ep) are HIGH, the corresponding outputs (Za, 
Zp) are forced LOW. The ’F153 is the logic implementation 
of a 2-pole, 4-position switch, where the position of the 
switch is determined by the logic levels supplied to the two 
Select inputs. The logic equations for the outputs are as 
follows: 


Truth Table 


Select 
Inputs 


Inputs (a or b) 


Poe 
H 
L 
L 
L 
L 
L 
L 
L 
L 


X 
L 
L 
L 
L 
H 
H 
H 
H 


xx Kx XK KOT x 
<xx«K xX x<K TOK KX 
<x x« Dm K KKK XK 





H 
L 
x 


Logic Diagram 


Ee loa te 


VV 


VV 


= Ege(loaeS1¢Sq + 14g°SyeSo + 
loqaeSy*Sq + Igq*S4*So) 


Zp = Ep*(lop*S1#Sp + I1p°SyeSo + 
lap®Sy*Sq + Igp*S1*So) 


The ’F153 can be used to move data from a group of regis- 
ters to a common output bus. The particular register from 
which the data came would be determined by the state of 
the Select inputs. A less obvious application is as a function 
generator. The 'F153 can generate two functions of three 
variables. This is useful for implementing highly irregular 
random logic. 


ccsezcseeh] 


mir KKK KKK XK 


a 


pt 


Ze 


Zp 
TL/F/9482-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vi 
VIL 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


28 


Voltage 





Output LOW 
Voltage 


NL | inputLowCurrent = LOW Current 


Output Short-Cireuit Current a eae 
Output HIGH Leakage Current eae ae 
Power Supply Current 12 20 | oma | Max | 


IcEx 
loc 


0.5 
0.5 
Input HIGH Current ae 


Input HIGH Current 
i aa Test 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to +70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mMA 


lon = —1mA 
lon = —1mA 
lon = —1 MA 


lol = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 0V 
Vout = Vcc 
Vo = LOW 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Min Typ 


Ta, Vec = Mil 
C. = 50 pF 


Propagation Delay 4.5 8.1 10.5 4.5 14.0 4.5 
Sy to Zp 3.5 7.0 9.0 3.5 11.0 3.5 


Propagation Delay 4.5 7.1 9.0 4.5 11.5 4.5 
E, toZp 3.0 5.7 7.0 2.5 9.0 2.5 


Propagation Delay 3.0 5.3 7.0 2.5 9.0 3.0 
In to Zn 2.5 5.1 6.5 2.5 8.0 2.5 
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54F/74F157A 
Quad 2-Input Multiplexer 


General Description 


The ’F157A is a high-speed quad 2-input multiplexer. Four the selected data in the true (non-inverted) form. The 
bits of data from two sources can be selected using the 'F157A can also be used to generate any four of the 16 
common Select and Enable inputs. The four outputs present _ different functions to two variables. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


Nb ‘op NC Ze ig 
BOA) 


TL/F/9483-3 





on on r WH = 


IEEE/IEC 


cy Pa 
lod 2_ NC Ite bbe 


TL/F/9483-1 TL/F/9483~2 


TL/F/9483-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input A/In. 
HIGH/LOW | Output IoH/loL 


Source 0 Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Source 1 Data Inputs 1.0/1.0 20 pA/—-0.6 mA 
Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Select Input 1.0/1.0 20 pA/—0.6 mA 
Outputs 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F157A is a quad 2-input multiplexer. It selects four bits 
of data from two sources under the control of a common 
Select input (S). The Enable input (E) is active LOW. When 
E is HIGH, all of the outputs (Z) are forced LOW regardless 
of all other inputs. The ’F157A is the logic implementation of 
a 4-pole, 2-position switch where the position of the switch 
is determined by the logic levels supplied to the Select in- 
put. The logic equations for the outputs are shown below: 
Zn = E® (lin S + lon S) 

Acommon use of the ’F157A is the moving of data from two 
groups of registers to four common output busses. The par- 
ticular register from which the data comes is determined by 
the state of the Select input. A less obvious use is as a 
function generator. The ’F157A can generate any four of the 


Logic Diagram 


loa Na lob 


16 different functions of two variables with one variable 
common. This is useful for implementing highly irregular 
logic. 


Truth Table 


IGH Voltage Level 
OW Voltage Level 
material 


Za Z, Zz 


Zq 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 
n 
loex 


IcocH Power Supply Current 
IocL Power Supply Current 


Voltage 





= 3/ ee |r 
eletlele|s &]<| < kl(-] 8 


54F/74F 


ww ND id 
NOM ° 
| 
hm | 
w | © °o ie 
ie) 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 
Max 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 
lon = —1imA 


loH = 
lOH 


No 


VouT = OV 


ie] 
oO 


Vout = Voc 
Vo = HIGH 
Vo = LOW 


© |} | st 
x< x | xX x 


= 
Fa) 
x 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Voc = +5.0V 
C. = 50 pF 


Min Typ Max | Min Max | Min Max_ 
Propagation Delay 4.0 7.0 10.0 4.0 12.0 4.0 
S$toZ, 3.0 5.0 7.0 3.0 9.0 3.0 8.0 
Propagation Delay 5.0 7.0 9.5 5.0 13.0 


EtoZ, 2.5 4.5 6.5 2.5 7.5 2.5 


Propagation Delay 2.5 4.5 6.0 2.5 7.5 2.5 
Into Zp 2.5 4.0 5.5 1.5 7.5 2.0 


Tas Vec = Mil 
C._ = 50 pF 
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54F/74F 158A 
Quad 2-Input Multiplexer 


General Description 


The 'F158A is a high speed quad 2-input multiplexer. It se- 
lects four bits of data from two sources using the common 
Select and Enable inputs. The four outputs present the se- 
lected data in the inverted form. The 'F158A can also gener- 
ate any four of the 16 different functions of two variables. 


Ordering Code: see sections 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


loa ta 'op Ite 'oe Ne tog Ita Ib boy NC Zq Ihe 


TL/F/9484-3 





a 1] 
espa fey) 
bg Z NC Ne ws 


aon On em WwW BO 


IEEE/IEC 


TL/F/9484—1 TL/F/9484-2 


TL/F/9484-5 


Unit Loading/Fan Out: seo Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input Iyy/tie 
HIGH/LOW | Output lon/loL 


Source 0 Data Inputs 20 pA/—0.6 mA 
Source 1 Data Inputs 20 pA/—0.6 mA 
Enable Input (Active LOW) 20 pA/—0.6 mA 
Select Input 20 wA/—0.6 mA 
Inverted Outputs —1mA/20 mA 
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Functional Description 


The ’F158A quad 2-input multiplexer selects four bits of 
data from two sources under the control of a common Se- 
lect input (S) and presents the data in inverted form at the 
four outputs. The Enable input (E) is active LOW. When E is 
HIGH, all of the outputs (Z) are forced HIGH regardless of 
all other inputs. The ’F158A is the logic implementation of a 
4-pole, 2-position switch where the position of the switch is 
determined by the logic levels supplied to the Select input. 


A common use of the ’F158A is the moving of data from two 
groups of registers to four common output busses. The par- 
ticular register from which the data comes is determined by 
the state of the Select input. A less obvious use is as a 
function generator. The ’F158A can generate four functions 
of two variables with one variable common. This is useful for 
implementing gating functions. 


Logic Diagram 


loa Ne lob Nb log Ne 


Truth Table 


= HIGH Voltage Level 
= LOW Voltage Level 


H 

L 

X = Immaterial 

Zn = E X (tn S + lon §) 


TL/F/9484-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


nh 
Co) 


wh f 
NOM 
= Nl|oOo 
oO}; wn 
md 
> 


VOH Output HIGH 54F 10% Voc 


74F 10% Vcc 
74F 5% Voc 


Output LOW 54F 10% Vcc 
Voltage 74F 10% Veco 


Breakdown Test 
ic 
los 


IcEx Output HIGH Leakage Current 
loc Power Supply Current 


Voltage 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,.5V to +5.5V 


Conditions 


= 
ra) 
x 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loH = —1mMA 
lon = —1mA 
loH = —1mA 


lo. = 20 mA 
lo. = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


Q 


= 
> 


> 


VIN = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = LOW 


> 


no 

o 
— 

> 


an 
> 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
StoZ, 


Propagation Delay 
EtoZ, 
Propagation Delay 
In to Zp, 


3.0 5.5 8.5 3.0 

2.5 4.6 6.5 2.5 . 
2.5 4.5 6.0 2.5 8.0 
2.0 4.0 6.0 2.0 7.0 


2.5 
1.5 


Ta = +25°C 
Vec = +5.0V 
C. = 50 pF 


4.0 
2.5 


5.9 
4.0 
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Ta: Vec = Mil 
C._ = 50 pF 


10.5 


2.5 8.5 
1.0 5.0 


2.0 


2.5 
1.5 


3.0 9.5 
2.5 7.0 


6.5 
7.0 
4.5 
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54F/74F 160A ° 54F/74F162A 
Synchronous Presettable BCD Decade Counter 


General Description 


The ’F160A and ’F162A are high-speed synchronous dec- 
ade counters operating in the BCD (8421) sequence. They 
are synchronously presettable for applications in program- 
mable dividers. There are two types of Count Enable inputs 
plus a Terminal Count output for versatility in forming syn- 
chronous multistage counters. The 'F160A has an asyn- 
chronous Master Reset input that overrides all other inputs 
and forces the outputs LOW. The 'F162A has a Synchro- 
nous Reset input that overrides counting and parallel load- 


Ordering Code: see Section 5 
Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


*FI60A 





1 
2 
3 
4 
5 
6 
7 


10 
GND—48 91—PE 


TL/F/9485-1 


"F162A 


on OYUN eh wd = 


TL/F/9485-9 


ing and allows all outputs to be simultaneously reset on the 
rising edge of the clock. The 'F160A and ’F162A are high 
speed versions of the 'F160 and ’F162. 


Features 

m Synchronous counting and loading 
m@ High-speed synchronous expansion 
m Typical count rate of 120 MHz 


Pin Assignment 
for LCC and PLCC 


"F160A 
Pz P2 NC Py Po 
[6] [5] 


cep [8] 
GND 
Nc fj 
PE 
CET fra) 


Q; Q) NC Q; Q 
TL/F/9485-2 


’"F162A 


Ps Pz NC Py Po 
(8) (2) (6) (5) (4) 
BERE 





a8 88 
Q; Q, NC Q; Qp 


TL/F/9485-10 
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160A ¢ 162A 


Logic Symbols 
{/EEE/IEC 
*FI60A ’"FI60A 
CTRDIV10 


CT=0 
M1 


TL/F/9485-3 


TL/F/9485-6 


’"F162A 


CTRDIVIO 
5CT=0 
M1 


TL/F/9485-8 


TL/F/9485-7 
Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 


Description U.L. Input yy/tie 
HIGH/LOW Output loy/loL 


CEP Count Enable Parallel Input 1.0/1.0 20 wA/—0.6 mA 
CET Count Enable Trickle Input 1.0/2.0 20 pA/—1.2 mA 
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
MR (’F160A) Asynchronous Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
SR (F162A) Synchronous Reset Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 
Po-P3 Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA 
PE Parallel Enable tnput (Active LOW) 1.0/2.0 20 pA/—1.2 mA 
Qo-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA 

TC Terminal Count Output 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F160A and 'F162A count modulo-10 in the BCD (8421) 
sequence. From state 9 (HLLH) they increment to state 0 
(LLLL). The clock inputs of all flip-flops are driven in parallel 
through a clock buffer. Thus all changes of the Q outputs 
(except due to Master Reset of the (’F160A) occur as a 
result of, and synchronous with, the LOW-to-HIGH transition 
of the CP input signal. The circuits have four fundamental 
modes of operation, in order of precedence: asynchronous 
reset ('F160A), synchronous reset ('F162A), parallel load, 
count-up and hold. Five control inputs—Master Reset (MR, 
"F160A), Synchronous Reset (SR, ’F162A), Parallel Enable 
(PE), Count Enable Parallel (CEP) and Count Enable Trickle 
(CET)—determine the mode of operation, as shown in the 
Mode Select Table. A LOW signal on MR overrides all other 
inputs and asynchronously forces ail outputs LOW. A LOW 
signal on SR overrides counting and parallel loading and 
allows all outputs to go LOW on the next rising edge of CP. 
A LOW signal on PE overrides counting and allows informa- 
tion on the Parallel Data (P,,) inputs to be loaded into the 
flip-flops on the next rising edge of CP. With PE and MR 
('F160A) or SR (’F 162A) HIGH, CEP and CET permit count- 
ing when both are HIGH. Conversely, a LOW signal on ei- 
ther CEP or CET inhibits counting. 


Mode Select Table 


CEP Action on the Rising 
Clock Edge (_’ ) 


Reset (Clear) 


The ’F160A and 'F162A use D-type edge-triggered flip-flops 
and changing the SR, PE, CEP and CET inputs when the CP 
is in either state does not cause errors, provided that the 
recommended setup and hold times, with respect to the ris- 
ing edge of CP, are observed. 


The Terminal Count (TC) output is HIGH when CET is HIGH 
and counter is in state 9. To implement synchronous multi- 
stage counters, the TC outputs can be used with the CEP 
and CET inputs in two different ways. Please refer to the 
‘F568 data sheet. The TC output is subject to decoding 
spikes due to internal race conditions and is therefore not 
recommended for use as a clock or asynchronous reset for 
flip-flops, counters or registers. In the ’F160A and ’F162A 
decade counters, the TC output is fully decoded and can 
only be HIGH in state 9. If a decade counter is preset to an 
illegal state, or assumes an illegal state when power is ap- 
plied, it will return to the normal sequence within two counts, 
as shown in the State Diagram. 


Logic Equations: 
Count Enable = CEP x CET X PE 
TC = Qo X Qy x Qe X Q3 x CET 


State ceabasona 


Load (Ph — Q,) 
Count (Increment) 
No Change (Hold) 
No Change (Hold) 





*For 'F162A only 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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9LL-p 


MR'160A 
SR'162A 


ie 


DETAIL A DETAIL A DETAIL A 
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Q 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions Is not implied. 


Note 2: Either voltage limit or current limit Is sufficient to protect Inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


OV) 
—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


VIH 
Vit 


Output HIGH 54F 10% Vcc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH Current fesenoaie de 
Input HIGH Current 

Input LOW mA 

Current mA 

Output Short-Circuit Current eee 


Output HIGH Leakage Current Eee a 
Power Supply Current 37 55 


54F/74F 


Input HIGH Voltage oe eed 
Input LOW Voltage re a a ee 
Input Clamp Diode Voltage |= 1.2 || Min | 


4-117 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


eet te | vee Coneltions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loo = ~1mA 
loo = —1mA 
lon = —1mA 


tn | 1 = 20mA 
tn | 1 = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V (CP, CEP,Pp, MR (’F160A)) 
Vin = 0.5V (CET, SR (’F162A), PE) 


Vout = OV 
Vout = Vcc 
Vo = HIGH 





Ve9l e VOSL 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C oe 
Parameter Voc = +5.0V ue — A “4 
C. = 50 pF L P 


Maximum Count Frequency a a 


Propagation Delay, Count 3.5 5.5 7.5 3.5 9.0 3.5 8.5 
CP to Q, (PE Input HIGH) 3.5 7.5 10.0 3.5 11.5 


Propagation Delay, Load i. : : 8.5 4.0 10.0 
CP to Q,, (PE Input LOW) 8.5 4.0 10.0 


Propagation Delay 10.0 14.0 5.0 16.5 
CP to TC 10.0 14.0 5.0 15.5 5.0 


Propagation Delay 2.5 4.5 7.5 2.5 9.0 2.5 
CET to TC 2. 


4.5 7.5 2.5 9. 
Propagation Delay 
MR to Q,, (’F160A) oe aoe 
Propagation Delay 
MR to TC (’F160A) 8.0 10.5 4.5 12.5 


5 
4.5 
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AC Operating ieee See Section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


V29} e VO! 


Symbol Parameter Ta, Vec = Mil Ta; Voc = Com 


Setup Time, HIGH or LOW 
Py, to CP (’F 160A) 


Setup Time, HIGH or LOW 
Pp, to CP (’F 162A) 


Hold Time, HIGH or LOW 
Pp to CP 


2.5 
2.5 
Setup Time, HIGH or LOW 
PE or SR to CP 
Hold Time, HIGH or LOW 
PE or SR to CP 
Setup Time, HIGH or LOW 
CEP or CET to CP 
Hold Time, HIGH or LOW 
CEP or CET to CP 
Clock Pulse Width (Load) 
HIGH or LOW 
Clock Pulse Width (Count) 4.0 
HIGH or LOW 6.0 
MR Pulse Width, LOW 
("F160A) 
Recovery Time 
MR to CP (’F160A) 
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161A°163A 


National — 
Semiconductor 


54F/74F 161A ° 54F/74F163A 
Synchronous Presettable Binary Counter 


General Description 


The 'F161A and ’F163A are high-speed synchronous modu- 
lo-16 binary counters. They are synchronously presettable 
for application in programmable dividers and have two types 
of Count Enable inputs plus a Terminal Count output for 
versatility in forming synchronous multi-stage counters. The 
"F161A has an asynchronous Master-Reset input that over- 
rides all other inputs and forces the outputs LOW. The 
*F163A has a Synchronous Reset input that overrides 
counting and parallel loading and allows the outputs to be 
simultaneously reset on the rising edge of the clock. The 
"F161A and 'F163A are high-speed versions of the 'F161 
and 'F163. 


Ordering Code: see Sections 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 
"FIGIA 


aon OO et wD 


TL/F/9486-1 


Pin Assignment 
for DIP, SOIC and Flatpak 
*FI63A 


aon Om Oe WwW 





TL/F/9486-7 


Features 

m Synchronous counting and loading 
m High-speed synchronous expansion 
m@ Typical count frequency of 120 MHz 


Pin Assignment 
for LCC and PCC 
"FIG1A 
Ps Po NC Py Po 
SESE) 





3) 
Qs Q) NC Q4 Q 
TL/F/9486-2 


Pin Assignment 
for LCC and PCC 
*F163A 
Ps Po NC Py Po 
ER ENBES 





Qs Q) NC Q; Q 


TL/F/9486-8 
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Logic Symbols 


"FIG1A 


TL/F/9486-3 


IEEE/IEC 


CTRDIVI6 


TL/F/9486-6 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


CEP 

CET 

cP 

MR (F161A) 
SR (’F163A) 
Po-P3 

PE 

Qo-Q3 

TC 


Description 


Count Enable Parallel Input 

Count Enable Trickle Input 

Clock Pulse Input (Active Rising Edge) 
Asynchronous Master Reset Input (Active LOW) 
Synchronous Reset Input (Active LOW) 

Parallel Data Inputs 

Parallel Enable Input (Active LOW) 

Flip-Flop Outputs 

Terminal Count Output 
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"F1I63A 


JIEEE/IEC 
"F163A 


CTRDIVI6 


TL/F/9486-9 


TL/F/9486-10 


54F/74F 


U.L. 
HIGH/LOW 


1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/2.0 
50/33.3 
50/33.3 


Input Iyq/te 
Output lon/loL 


20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—-0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The ’F161A and ’F163A count in modulo-16 binary se- 
quence. From state 15 (HHHH) they increment to state 0 
(LLLL). The clock inputs of all flip-flops are driven in parallel 
through a clock buffer. Thus all changes of the Q outputs 
(except due to Master Reset of the ’F161A) occur as a re- 
sult of, and synchronous with, the LOW-to-HIGH transition 
of the CP input signal. The circuits have four fundamental 
modes of operation, in order of precedence: asynchronous 
reset (’F161A), synchronous reset (’F163A), parallel load, 
count-up and hold. Five control inputs—Master Reset (MR, 
"F161A), Synchronous Reset (SR, ’F163A), Parallel Enable 
(PE), Count Enable Parallel (CEP) and Count Enable Trickle 
(CET)—determine the mode of operation, as shown in the 
Mode Select Table. A LOW signal on MR overrides all other 
inputs and asynchronously forces all outputs LOW. A LOW 
signal on SR overrides counting and parallel loading and 
allows all outputs to go LOW on the next rising edge of CP. 
A LOW signal on PE overrides counting and allows informa- 
tion on the Parallel Data (P,) inputs to be loaded into the 


Mode Select Table 


— es Action on the Rising 
* 
SR PE CET CEP Clock Edge (_~) 


Reset (Clear) 


Load (Pp, — Q,) 

Count (Increment) 
No Change (Hold) 
No Change (Hold) 





“For 'F163A only 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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flip-flops on the next rising edge of CP. With PE and MR 
(’'F161A) or SR (’F163A) HIGH, CEP and CET permit count- 
ing when both are HIGH. Conversely, a LOW signal on ei- 
ther CEP or CET inhibits counting. 


The ’F161A and 'F163A use D-type edge triggered flip-flops 
and changing the SR, PE, CEP and CET inputs when the CP 
is in either state does not cause errors, provided that the 
recommended setup and hold times, with respect to the ris- 
ing edge of CP, are observed. 

The Terminal Count (TC) output is HIGH when CET is HIGH 
and the counter is in state 15. To implement synchronous 
multi-stage counters, the TC outputs can be used with the 
CEP and CET inputs in two different ways. Please refer to 
the ’F568 data sheet. The TC output is subject to decoding 
spikes due to internal race conditions and is therefore not 
recommended for use as a clock or asynchronous reset for 
flip-flops, counters or registers. 

Logic Equations: Count Enable = CEP ¢ CET e PE 


TC = Qo #9 Qy & Qo ® Q3 © CET 


State Diagram 


TL/F/9486-5 





161A°163A 


b-98b6/4S/IL 


E 
o 
_ 
rey) 
& 
OQ 
x 
oO 
2 
ma 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


OV) 
—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical ee 


Input HIGH | input HIGH Voltage 
Input LOW wie 


ViH 
VIL 


Output HIGH —- 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% otro ar ae 


| inputHIGH Current = HIGH Current 


Voltage 





Output LOW 
Voltage 


Input HIGH Current A 

Breakdown Test ce 

Input LOW Current mA 
a 


Output Short-Circuit Current 
Output HIGH Leakage Current ee ae 


ag ee 74F 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mA 


lol = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


P, MR, P; 
SR) 


Vin = 0.5V (CEP, 
aa = 0.5V (CET, P 


Vout = 0V 


cP o-Pa) 
PE, 


Vout = Vcc 


Power Supply Current 37 55 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C._ = 50 pF 


| Min typ Max | Min Max | Min Max_ 
Maximum Count Frequency a 


Propagation Delay 
CP to Q, (PE Input HIGH) a = 1 oe 


a 
Propagation Delay 8.5 4.0 10.0 4.0 
CP to Q, (PE Input LOW) : ; 8.5 4.0 10.0 4.0 
Propagation Delay 5.0 10.0 14.0 5.0 16.5 5.0 


CP to TC 5.0 10.0 14.0 5.0 15.5 5.0 


Propagation Delay a 4.5 7.5 2.5 9.0 2.5 
CET to TC 


Propagation Delay 
MR to Q, (’F161A) 


Propagation Delay 
MR to TC (’F161A) 
AC Operating Requirements: See Section 2 for Waveforms 


Ce ee 


Ta = +25°C 
Vec = +5.0V 


ts(H) Setup Time, HIGH or LOW 
ts(L) P, to CP 
th(H) Hold Time, HIGH or LOW 2.0 


th(L) P, to CP 2.0 


ts(H) 
ts(L) 


th(H) Hold Time, HIGH or LOW a 

ty(L) PE or SR to CP 

ts(H) Setup Time, HIGH or LOW 11.0 13.0 11.5 
t,(L) CEP or CET to CP 5.0 6.0 5.0 
th(H) Hold Time, HIGH or LOW 

ty(L) CEP or CET to CP 

tw(H) Clock Pulse Width (Load) 


ty(L) HIGH or LOW 


tw(H) Clock Pulse Width (Count) 
tw(L) HIGH or LOW 


ty(L) MR Pulse Width, LOW 
('F161A) 


trec Recovery Time 
MR to CP (’F161A) 


Ta, Vec = Mil Ta, Vcc = Com 
C,. = 50 pF C,. = 50 pF 


Symbol Parameter Ta, Vec = Mil Ta; Voc = Com 
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164 


National — 
Semiconductor 


54F/74F 164 
Serial-In, Parallel-Out Shift Register 


General Description Features 


The 'F164 is a high-speed 8-bit serial-in/parallel-out shift | ™ Typical shift frequency of 90 MHz 
register. Serial data is entered through a 2-input AND gate m Asynchronous Master Reset 
synchronous with the LOW-to-HIGH transition of the clock. m Gated serial data input 

The device features an asynchronous Master Reset which — Fully synchronous data transfers 
clears the register, setting all outputs LOW independent of 

the clock. 


Ordering Code: See Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Q, NC Q, NC Qy 

3 ea Es) 

| Ted be | 
Q 0; Q, Os 04 Os Og Q, 


TL/F/9487-3 


IEEE/IEC 


o.808 

5) 

Q, NC Q5 NC Og 
TL/F/9487-2 


TL/F/9487-1 


TL/F/9487-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input IW/te 
HIGH/LOW | Output IoH/lo. 
A,B 


Data Inputs 20 pA/—0.6 mA 
CP Clock Pulse Input (Active Rising Edge) 20 pA/—0.6 mA 
MR Master Reset Input (Active LOW) 20 pA/—0.6 mA 
Qo-Q7 Outputs —1mA/20 mA 
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Functional Description 


The 'F164 is an edge-triggered 8-bit shift register with serial 
data entry and an output from each of the eight stages. Data 
is entered serially through one of two inputs (A or B); either 
of these inputs can be used as an active HIGH Enable for 
data entry through the other input. An unused input must be 
tied HIGH. 

Each LOW-to-HIGH transition on the Clock (CP) input shifts 
data one place to the right and enters into Qo the logical 
AND of the two data inputs (A ¢ B) that existed before the 
rising clock edge. A LOW level on the Master Reset (MR) 
input overrides all other inputs and clears the register asyn- 
chronously, forcing all Q outputs LOW. 


Logic Diagram 


ae Select Table 


Operating 
Mode 


Reset (Clear) 





Shift 


H(h) = HIGH Voltage Levels 

L(l) = LOW Voltage Levels 

X = Immaterial 

Qn = Lower case letters indicate the state of the referenced input or output 
one setup time prior to the LOW-to-HIGH clock transition. 


I 


Q% Q, Q 


Qs a Qs Q Q 
TL/F/9487-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature ~—65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


ViH 


VIL Input LOW Voltage 


Output HIGH BAF 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% reco ae 


Voltage 





Output LOW 
Voltage 


| Input HIGH Current = HIGH Current 


Input HIGH Current A 
Breakdown Test Me 

rn input LOW Current wor 
Output Short-Cirouit Current Se ee 


IcEX 
loc 


Output HIGH Leakage Current 


a ee 
| Min Typ Max. | 


Input HIGH Voltage el a 
Input Clamp Diode Voltage es 
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Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


In = —18mA 


lon = —1 mA 
lon = —1 mA 
lon = —1mA 
lol = 20mA 
lol = 20mA 
VIN = 2.7V 


Vin = 7.0V 


Vin = 0.5V 


VouT = OV 


Vout = Voc 
CP = HIGH 
MR = GND, A, B = GND 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
7 Ta; Vcc = Mil | Ta, Vcc = Com 
Parameter — ey a C_ = 50 pF C_ = 50 pF 


Maximum Clock Frequency re 


Propagation Delay 3.5 6.0 8.0 3.5 11.0 
CP to Q, 5.0 7.5 10.0 4.0 13.0 i; - 


Propagation Delay 
MR to Q, 


AC Operating Requirements: see Section 2 for Waveforms 


a 7 7 ee 


Ta = +25°C 
Vcc = +5.0V 


Setup Time, HIGH or LOW 7.0 7.0 7.0 
AorBtoCP 7.0 7.0 7.0 
Hold Time, HIGH or LOW 1.0 1.0 1.0 
AorB to CP 1.0 1.0 1.0 
CP Pulse Width 4.0 4.0 4.0 
ates or LOW a ie eee eras 


Parameter Ta, Vec = Mil Ta,» Vcc = Com 


MR Pulse Width, | MA Pulse Width, LOW 


Recovery Time 
MR to CP 
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National | 
Semiconductor 


54F/74F 168 ¢ 54F/74F 169 


4-Stage Synchronous Bidirectional Counters 


General Description 


The ’F168 and ’F169 are fully synchronous 4-stage up/ 
down counters. The ’F168 is a BCD decade counter; the 
*F169 is a modulo-16 binary counter. Both feature a preset 
capability for programmable operation, carry lookahead for 
easy cascading and a U/D input to control the direction of 
counting. All state changes, whether in counting or paralle! 
loading, are initiated by the LOW-to-HIGH transition of the 
clock. 


Ordering Code: see Section 5 


Logic Symbols 


TL/F/9488-~3 


IEEE/IEC 
"F168 


CTRDIV10 
M1 (LOAD) 
M2 (COUNT) 
M3 (UP) 
M4 (DOWN) 
G5 3,5CT=9 


TL/F/9488-8 


Features 

m Asynchronous counting and loading 

@ Built-in lookahead carry capability 

m Presettable for programmable operation 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9488-1 


Pin Assignment 
for LCC and PCC 


Pz Py NC Py Po 
BOWE 


(4) (5) (te) 1) (i) 
Qz Q, NC Q; Q 


TL/F/9488-2 


TL/F/9488-9 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description 


Count Enable Parallel Input (Active LOW) 
Count Enable Trickle Input (Active LOW) 
Clock Pulse Input (Active Rising Edge) 
Parallel Data Inputs 

Parallel Enable Input (Active LOW) 
Up-Down Count Control! Input 

Flip-Flop Outputs 

Terminal Count Output (Active LOW) 


Functional Description 

The ’F168 and 'F169 use edge-triggered J-K type flip-flops 
and have no constraints on changing the control or data 
input signals in either state of the clock. The only require- 
ment is that the various inputs attain the desired state at 
least a setup time before the rising edge of the clock and 
remain valid for the recommended hold time thereafter. The 
parallel load operation takes precedence over other opera- 
tions, as indicated in the Mode Select Table. When PE is 
LOW, the data on the Po—Pg3 inputs enters the flip-flops on 
the next rising edge of the clock. In order for _counting to 
occur, both CEP and CET must be LOW and PE must be 
HIGH; the U/D input then determines the direction of count- 
ing. The Terminal Count (TC) output is normally HIGH and 
goes LOW, provided that CET is LOW, when a counter 
reaches zero in the Count Down mode or reaches 9 (15 for 


Logic Diagram 


El 


OETAIL A 


IF 


id DETAIL A 
ENF 


U.L. Input t/t 
HIGH/LOW | Output Iop/lo. 


1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/-0.6 mA 
—1mA/20 mA 
~—1mA/20 mA 


the 'F169) in the Count Up mode. The TC output state is not 
a function of the Count Enable Parallel (CEP) input level. 
The TC output of the ’F168 decade counter can also be 
LOW in the illegal states 11, 13, and 15, which can occur 
when power is turned on or via parallel loading. If an illegal 
state occurs, the 'F168 will return to the legitimate se- 
quence within two counts, Since the TC signal is derived by 
decoding the flip-flop states, there exists the possibility of 
decoding spikes on TC. For this reason the use of TC as a 
clock signal is not recommended (see logic equations be- 
low). 
1) Count Enable = CEP ¢ CET e PE 
2) Up: (’F 168): TC = Qo © Qy © Qo * Qs ® (Up) © CET 
(F169): TC = Qo © Qy ® Qo © Qy ® (Up) ¢ CET 
3) Down: TC = Qo © Q; © Qo © G3 © (Down) ¢ CET 


as 


TL/F/9488-4 


Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagram (Continued) 


TL/F/9488-5 


Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Mode Select Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Load (Ph — Qp) 

Count Up (Increment) 
Count Down (Decrement) 
No Change (Hold) 

No Change (Hold) 


State Diagrams 


--* Count Down 


—> Count Up 
-- > Count Down 


TL/F/9488-6 —> Count Up 


TL/F/9488-7 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are requlred, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


OV) 
—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical eee 


Vin 
Vit 


Input Clamp Diode Voltage te td | 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Voltage 





Output LOW 
ino 


| InputHiGH Current = HIGH Current 


Input HIGH Current 
Breakdown Test 
—1 2 


Output Short-Circuit Current 
Output HIGH Leakage Current ee eae 
Power Supply Current | ssa | mA _| Max | 


IcEx 
loc 


See 74F 


Input HIGH Voltage ee 


ree ae 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loo = —1mA 
lon = —1mA 
lon = —1mMA 


lol = 20mA 
lo = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V (except CET) 
Vin = 0.5V (CET) 


Vout = OV 
Vout = Vcc 
Vo = LOW 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


7 


Parameter 


Maximum Count Frequency 100 115 


Propagation Delay 3.0 
CP to Q, (PE HIGH or LOW) 4.0 
Propagation Delay 5.5 
CP to TC 4.0 
Propagation Delay 2.5 
CET to TC 2.5 
Propagation Delay 3.5 
U/D to TC 4.0 


Ta = +25°C 
Vec = + 5.0V 
C. = 50 pF 


Typ Max 


Tas Vec = Mil 
C_ = 50 pF 


15.5 


11.0 ow 
45 6.0 
6.0 8.0 
2 0 ine 


6.5 8.5 
9.0 11.5 


12.0 


12.5 16.0 


AC Operating Requirements: See section 2 for Waveforms 


Ta, Vec = Mil 


Tas Vcc = Com 


CL = 50 pF 

3.0 9.5 

4.0 13.0 

5.5 

4.0 12.5 
2.5 7.0 
2.5 9.0 
3.5 


p90 | Me 
17.0 
12.5 
4.0 18.0 


Ta: Voc = Com 


7 
Parameter 


Setup Time, HIGH or LOW 4.0 
P, to CP 


Hold Time, HIGH or LOW 
P, to CP 


Setup Time, HIGH or LOW 
CEP or CET to CP 


Hold Time, HIGH or LOW 
CEP or CET to CP 

Setup Time, HIGH or LOW 
PE to CP 


Hold Time, HIGH or LOW 
PE to CP 


Setup Time, HIGH or LOW 11.0 
U/D to CP 16.5 


Hold Time, HIGH or LOW 


CP Pulse Width 
HIGH or LOW 


4.0 
8.0 
8.0 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C - 
Parameter Vec = +5.0V iy oe io 
C, = 50 pF L P 
Min Typ Max 


MaximumCount Frequency | 90 


Propagation Delay 3.0 6.5 8.5 3.0 12.0 3.0 
CP to Qp (PE HIGH or LOW) 4.0 9.0 11.5 4.0 16.0 4.0 
Propagation Delay 5.5 12.0 15.5 5.5 20.0 5.5 
CP to TC 4.0 8.5 12.5 4.0 15.0 : 

Propagation Delay 2.5 4.5 6.5 2.5 9.0 2.5 
CET to TC 2.5 8.5 11.0 2.5 12.0 2.5 
Propagation Delay 3.5 8.5 11.6 3.5 16.0 3.6 
U/D to TC 4.0 8.0 12.0 4.0 14.0 4.0 

AC Operating Requirements: see Section 2 for Waveforms 


es 


Ta = +25°C 
Vec = +5.0V 





Parameter Ta; Vec = Mil Tas Vec = Com 


Setup Time, HIGH or LOW 
P, to CP 


Hold Time, HIGH or LOW 
P, to CP 


Setup Time, HIGH or LOW 
CEP or CET to CP 


Hold Time, HIGH or LOW 0 
CEP or CET to CP 0 


0.5 
Setup Time, HIGH or LOW 8.0 10.0 9.0 
PE to CP 8.0 10.0 9.0 
Hold Time, HIGH or LOW 
PE to CP 
Setup Time, HIGH or LOW 11.0 14.0 12.5 
U/D to CP 7.0 12.0 8.5 
Hold Time, HIGH or LOW 
U/D to CP 
CP Pulse Width 4.0 6.0 4.5 
HIGH or LOW 7.0 9.0 8.0 
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174 


National 
Semiconductor 


54F/74F 174 Hex D Flip-Flop with Master Reset 


General Description 


The 'F174 is a high-speed hex D flip-flop. The device is 
used primarily as a 6-bit edge-triggered storage register. 
The information on the D inputs is transferred to storage 
during the LOW-to-HIGH clock transition. The device has a 
Master Reset to simultaneously clear all flip-flops. 


Ordering Code: see Section 5 


Logic Symbols 


Features 

m Edge-triggered D-type inputs 

u Buffered positive edge-triggered clock 
@ Asynchronous common reset 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Q 0 Q, Q O3 O% Qs 


TL/F/9489-3 


an monk WR 


1EEE/IEC 


TL/F/9489-5 


Dy Q NC D; Dp 
BOA 
Pa] 





G4) £5) fe} A bel 
Ds Q, NC Dy Dy 


TL/F/9489-1 TL/F/9489-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description U.L. Input W/Iie 
HIGH/LOW | Output IoH/loL 


Data Inputs 

Clock Pulse Input (Active Rising Edge) 
Master Reset Input (Active LOW) 
Outputs 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—-0.6 mA 
50/33.3 —1mA/20 mA 
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Functional Description 


The ’F174 consists of six edge-triggered D flip-flops with 
individual D inputs and Q outputs. The Clock (CP) and Mas- 
ter Reset (MR) are common to all flip-flops. Each D input’s 
state is transferred to the corresponding flip-flop’s output 
following the LOW-to-HIGH Clock (CP) transition. A LOW 
input to the Master Reset (MR) will force all outputs LOW 
independent of Clock or Data inputs. The 'F174 is useful for 
applications where the true output only is required and the 
Clock and Master Reset are common to all storage ele- 
ments. 


Logic Diagram 


wr cp Os 


Truth Table 





H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~ = LOW-to-HIGH Clock Transition 


TL/F/9489-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


54F/74F 


in Typ Max 
—1.2 
2.5 


Symbol Parameter 


VIH 
Vit 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


2.5 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 
Input LOW Current 


Output Short-Circuit Current 


Output HIGH Leakage Current 


Power Supply Current 


ICEX 
IocH 


loc 


Input HIGH Voltage en 
Input LOW Vottage ee Oe 
Input Clamp Diode Voltage a a 


2.7 
—60 — 150 
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pA 
0 45 
30 45 


Power Supply Current a ee 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4,5V to + 5.5V 
+4,.5V to + 5.5V 


V Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mMA 


loH = 
IOH 


V 
V 
| nA | 


lo. 
loL = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 0V 
250 Vout = Vcc 

CP =~ 

D, = MR = HIGH 


Vo = LOW 


cc 
Max 





bLi 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C_ = 50 pF 


Maximum Clock Frequency a 


Propagation Delay 5.5 8.0 3.0 10.0 3.5 
CP to Qn, ; 7.0 10.0 4.0 12.0 4.0 


Propagation Delay 
MR to Q, 5.0 10.0 14.0 


Ta; Vec = Mil 
C_ = 50 pF 


74F 


Ta = +25°C 
Vcc = +5.0V 


Setup Time, HIGH or LOW 4.0 4.0 
Dp to CP 4.0 4.0 
Hold Time, HIGH or LOW 2.0 
Dp to CP 2.0 
CP Pulse Width 4.0 5.0 4.0 
HIGH or LOW 6.0 7.5 


MAPusewidh,vow | 50 | 6s 


Parameter Ta, Vcc = Mil 
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175 


National © 
Semiconductor 


54F/74F 175 Quad D Flip-Flop 


General Description 


The ’F175 is a high-speed quad D flip-flop. The device is 
useful for general flip-flop requirements where clock and 
clear inputs are common. The information on the D inputs is 
stored during the LOW-to-HIGH clock transition. Both true 
and complemented outputs of each flip-flop are provided. A 
Master Reset input resets all flip-flops, independent of the 
Clock or D inputs, LOW. 


Ordering Code: see section 5 


Logic Symbols 
IEEE/IEC 


aon Om OK es we Pe 


TL/F/9490-5 


Qo Q Q, Q, Qs Q, Q; Qs 


TL/F/9490-3 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

m Edge-triggered D-type inputs 

m Buffered positive edge-triggered clock 
m Asynchronous common reset 

@ True and complement output 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Q, Dy NC Dy 
BOE EE 
ane 8 





a8 88 
HAW 
Gy Dy NC Ds Os 


TL/F/9490-1 TL/F/9490-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description 


Data Inputs 

Clock Pulse Input (Active Rising Edge) 
Master Reset Input (Active LOW) 
True Outputs 

Complement Outputs 


U.L. Input Iyy/Te 
HIGH/LOW | Output Ion/IoL 


1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1 mA/20 mA 
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Functional Description 


The ’F175 consists of four edge-triggered D flip-flops with 
individual D inputs and Q and Q outputs. The Clock and 
Master Reset are common. The four flip-flops will store the 
state of their individual D inputs on the LOW-to-HIGH clock 
(CP) transition, causing individual Q and Q outputs to follow. 
A LOW input on the Master Reset (MR) will force all Q out- 
puts LOW and Q outputs HIGH independent of Clock or 
Data inputs. The ‘F175 is useful for general logic applica- 
tions where a common Master Reset and Clock are accept- 
able. 


Logic Diagram 


Truth Table 





HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 
~~ = LOW-to-HIGH Clock Transition 


Q Q% 


TL/F/9490~4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


ee 
ea eee 


Vin 


Vit Input LOW Voltage 


input Clamp Diode Voltage te | in| 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% a 


Vou 
a 


Voltage 





Output LOW 
Voltage 


| InputHIGH Current == HIGH Current 


Input HIGH Current 
eases Test 


Output HIGH Leakage Current — as 


| inputLOWCurrent = LOW Current 


ICEX 
loc 


2.7 
0.5 loL = 
| |v fw lo. = 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
lon = —1mA 
loo = —1mA 


20 mA 
20 mA 


Vin = 2.7V 
Vin = 7.0V 


pv [om 


Vin = 0.5V 
Vout = OV 
Vout = Voc 


cP =_7 
Dn = MR = HIGH 





SZ 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Tas Vcc = Mil 


Parameter Vec = +5.0V C. = 50 pF 


C. = 50 pF 


Min Typ Max | Min Max | Min Max _| 
Maximum lock Frequency | 100 140 ae ee 
; ; : : : : i : 8.5 ; ; 


Propagation Delay 
CP to Q, or Qn 


Propagation Delay 
MR to cu 


Parameter 


Setup Time, HIGH or LOW 
D, to CP 


Hold Time, HIGH or LOW 
Dn to CP 


CP Pulse Width 
HIGH or LOW 


MR Pulse Width, LOW 
Recovery Time, MR to CP 
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National 
Semiconductor 


54F/74F 181 
4-Bit Arithmetic Logic Unit 


General Description Features 


The 'F181 is a 4-bit Arithmetic logic Unit (ALU) which can =‘ ™ Full lookahead for high-speed arithmetic operation on 
perform all the possible 16 logic operations on two variables long words 

and a variety of arithmetic operations. It is 40% faster than 

the Schottky ALU and only consumes 30% as much power. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Active-HIGH Operands Active-LOW Operands Pin Assignment 
for DIP, SOIC and Flatpak 


Ay Bo Ay By Ag Bo Ay Bs Ay Bo Ay By Az Bz As Bs 
n Chea A ne4 J 


TL/F/9491-3 TL/F/9491-4 


oon nn &® Wh ~ 


IEEE/IEC 


TL/F/9491-1 


Pin Assignment 
for LCC and PCC 


Ran ero a 


ori wi 
wo wa HN 


a8 888 
ae ees 
Crag G Bz NC Az By Ap 
TL/F/9491-2 


TL/F/9491-10 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description ULL. Input hy/he 
HIGH/LOW | Output Ion/loL 


A Operand Inputs (Active LOW) 1.0/3.0 
B Operand Inputs (Active LOW) 1.0/3.0 
Function Select Inputs 1.0/4.0 
Mode Control Input 1.0/1.0 
Carry Input 1.0/5.0 
Function Outputs (Active LOW) 50/33.3 
Comparator Output OC*/33.3 
Carry Generate Output (Active LOW) | 50/33.3 
Carry Propagate Output (Active LOW)| 50/33.3 
Carry Output 50/33.3 


*OC-Open Collector 


Functional Description 

The 'F181 is a 4-bit high-speed parallel Arithmetic Logic 
Unit (ALU). Controlled by the four Function Select inputs 
(Sq-S3) and the Mode Control input (M), it can perform all 
the 16 possible logic operations or 16 different arithmetic 
operations on Active HIGH or Active LOW operands. The 
Function Table lists these operations. 


When the Mode Control input (M) is HIGH, all internal car- 
ries are inhibited and the device performs logic operations 
on the individual bits as listed. When the Mode Control input 
is LOW, the carries are enabled and the device performs 
arithmetic operations on the two 4-bit words. The device 
incorporates full internal carry lookahead and provides for 
either ripple carry between devices using the C, + 4 output, 
or for carry lookahead between packages using the signals 
P (Carry Propagate) and G (Carry Generate). In the Add 
mode, P indicates that F is 15 or more, while G indicates 
that F is 16 or more. In the Subtract mode P indicates that F 
is zero or less, while G indicates that F is less than zero. P 
and G are not affected by carry in. When speed require- 
ments are not stringent, the F181 can be used in a simple 
Ripple Carry mode by connecting the Carry output (C, + 4) 
signal to the Carry input (C,) of the next unit. For high speed 
operation the device is used in conjunction with a carry look- 
ahead circuit. One carry lookahead package is required for 


20 pA/—1.8 mA 
20 pA/-1.8 mA 
20 pA/-2.4 mA 
20 pA/—0.6 mA 
20 pA/—3.0 mA 
—1mA/20 mA 
*/20mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 


each group of four 'F181 devices. Carry lookahead can be 
provided at various levels and offers high speed capability 
over extremely long word lengths. 


The A=B output from the device goes HIGH when all four F 
outputs are HIGH and can be used to indicate logic equiva- 
lence over four bits when the unit is in the Subtract mode. 
The A=B output is open collector and can be wired AND 
with other A=B outputs to give a comparison for more than 
four bits. The A=B signal can also be used with the C,+4 
signal to indicate A>B and A<B. 


The Function Table lists the arithmetic operations that are 
performed without a carry in. An incoming carry adds a one 
to each operation. Thus, select code LHHL generates A 
minus B minus 1 (2s complement notation) without a carry 
in and generates A minus B when a carry is applied. Be- 
cause subtraction is actually performed by complementary 
addition (1s complement), 2 carry cut means borrow; thus a 
carry is generated when there is no underflow and no carry 
is generated when there is underflow. As indicated, this de- 
vice can be used with either active LOW inputs producing 
active LOW outputs or with active HIGH inputs producing 
active HIGH outputs. For either case the table lists the oper- 
ations that are performed to the operands labeled inside the 
logic symbol. 
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Logic Diagram 


N 
n 


HiRy 


i = 


Pee | <I) : ae Sa 
ol —P 


itso le 
Foi 


Al iil 
PUT It 


Fa 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


input HIGH Voltage canal 


VIH 
VIL 


Input LOW Voltage 
Input Clamp Diode Voltage 


2.5 
. : 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
TAF 10% Voc 


Output LOW 
Voltage 


Input HIGH Current 8 baie Max 


Input HIGH Current A 
Breakdown Test pe 


Input LOW Current 


[OuiputshonGreutGurent | ~60_____——150 |_mA_| Max | 
eae ==) | 
loHC Open Collector, Output 

sisacre™” |e | | 
| PowerSupply Curent | 4365.0 | mA 
rer eee ae 


Icex 


IocH 
loc 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
log = —1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20 mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V (M) 

Vin = 0.5V (Ao, Ay, Ag, Bo, By, Bg) 
Vin = 0.5V (Sp, Az, Ba) 

Vin = 0.5V (Cp) 

Vout = OV (Fr, G, P, Cy +4) 

Vo = Voc Fn. G, P 
Vo = Voc (A = B) 


»Cn+4) 


| Max | Vo = HIGH 
Vo = LOW 





18h 


181 


Table 5-2 F181 Operation Tables 


Logic Arithmetic Arithmetic 
(M=H) (M=L, Co= Inactive) (M=L, Co= Active) 


A A minus 1 A 
AeB AeBminus 1 AeB 
A+B AeB minus 1 AeB 

Logic ‘1” minus 1 (2s comp.) Zero 
Aplus (A + B) Aplus (A + B) plus 1 
Ae Bplus (A + B) AeB plus (A + B) plus 1 
Aminus B minus 1 A minus B 
A+B A + Bolus 1 
Aplus (A + B) Aplus (A + B plus 1 
Aplus B A plus B plus 1 
AeBplus (A + B) AB plus (A + B) plus 1 
A+B A+ Bplus 1 
Logic “0” Aplus A (2 x A) A plus A (2 x A) plus 1 
AeB AplusAeB Aplus A ¢ B plus 1 
AeB AplusAeB Aplus A © B plus 1 
A Aplus 1 


A Aplus 1 
At+B A+B A+ Bplus 1 
AeB A+B A+ Bolus 1 
Logic “0” minus 1 (2s comp.) Zero 
AeB Aplus (A ¢ B) Aplus A ° B plus 1 
B AeBplus (A + B) Ae Bplus (A + B) plus 1 
A@®B A minus B minus 1 A minus B 
AeB AeBminus 1 AeB 
A+B AplusAeB Aplus A ®B plus 1 
Aplus B A plus B plus 1 
A*Bplus (A + B) Ae Bplus (A + B) plus 1 
A®Bminus 1 AeB 
Logic “1” Aplus A (2 X A) Aplus A (2 X A) plus 1 
A+B Aplus (A +B) Aplus (A+8) plus 1 
A+B Aplus (A + B) Aplus (A+B) plus 1 
A minus 1 A 


a. All Input Data Inverted 


Ay Bo Ay By Az Bz Az By 


A minus 1 A 
A+B AeB minus 1 AeB 
AeB AeB minus 1 AeB 
Logic “1” minus 1 (2s comp.) Zero 
AeB Aplus (A + B) Aplus (A + B) plus 1 
B A® Bplus (A + B) AB plus (A + B) plus 1 
A@B A plus B A plus B plus 1 
A+B A+B A+ Bplus 1 
Aplus (A + B) Aplus (A + B) plus 1 
A minus B minus 1 A minus B 
Ae Bplus (A + B) Ae Bplus (A + B) plus 1 
A+B A+B A+ Bplus 1 
Logic ‘‘O” Aplus A (2 X A) A plus A (2 X A) plus 1 
AeB AplusAeB Aplus AB plus 1 
AeB AplusA®B Aplus A ¢ B plus 1 
A Aplus 1 


A Aplus 1 
AeB A+B A+ Bplus 1 
A+B A+B A + Bplus 1 
Logic “0” minus 1 (2s comp.) Zero 
A+B AplusAeB Aplus Ae B plus 1 
B AeB plus (A + B) A®B plus (A + B) plus 1 
A@B Aplus B A plus B plus 1 
AeB Ae Bminus 1 AeB 
AeB AplusAeB Aplus A @ B plus 1 
A®B A minus B minus 1 A minus B 
B AeB plus (A + B) A®B plus (A + B) plus 1 
AeB AeB minus 1 AeB 
Logic ‘1” Aplus A (2 X A) Aplus A (2 X A) plus 1 
A+B Aplus (A +8) Aplus (A+B) plus 1 
A+B Aplus (A + 8) Aplus (A+B) plus 1 
A A minus 1 A 


c. A Input Data Inverted; 
B Input Data True 





d. A Input Data True; 
B Input Date Inverted 


TMre@d@rtrertir@tereirirrterrTrIjJrTOFLIererererererrrTereTtTeriryrTrFrereiere trier rere rer grr yjTOrOrer ier rere rer ir ier 
Peer Laer were Ll ee |S ber Laer eer e Le eyo Leer Dae eee eye ee Loe er ale eae re 
BTortTrErrrrTAITIIrrrr|TTITrTrrrr irr rierr rr yr TrTrTer rrr rrr rer rrr yr rrr erer er RKr tr rtireree 
DBrErIrrrTrTrqTrrrrrrrr|TTITrTIrTIrTrrrrrrr rrr yr rrr rrt rrr rr rere ere yc T TTT ITT Tre err em eee eH 
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AC Electrical Characteristics: seo Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Ta Voc = Mil | Ta, Voc = Com 
P t mele 
arameter ‘e 7 =i a C, = 50 pF CL = 50 pF 


Propagation Delay : 6.4 8.5 3.0 10.0 3.0 9.5 
Ct Cas 6.1 8.0 3.0 9.5 3.0 9.0 


Propagation Delay . 13.0 5.0 15.5 5.0 14.0. 
AorBtoC, +4 12.0 3.5 16.5 4.0 13.0 


Propagation Delay 10.8 14.0 5.0 17.0 5.0 15.0 
AorBtoC, +4 10.0 13.0 4.0 15.0 5.0 14.0 


Propagation Delay 6.7 8.5 2.5 16.0 3.0 9.5 
C, to F 6.5 8.5 2.5 12.0 3.0 9.5 


Propagation Delay 7 : 7.5 2.5 9.0 3.0 8.5 
AorBorG 7.5 2.5 9.5 3.0 8.5 


Propagation Delay 6.5 8.5 2.5 11.5 3.0 9.5 
AorBtoG 7.3 9.5 2.5 11.0 3.0 10.5 


Propagation Delay 7.0 2.5 8.5 3.0 8.0 
AorBtoP i - 7.5 3.0 9.5 3.0 8.5 


Propagation Delay 5.8 75 2.5 11.0 3.0 8.5 
AorBtoP 6.5 8.5 3.0 11.0 4.0 9.5 


Propagation Delay 7.0 9.0 3.0 14.5 3.0 10.0 
A; or B; to F; Sum : 7.2 10.0 3.0 14.5 3.0 10.0 


Propagation Delay 8.2 11.0 3.0 17.5 3.0 12.0 





A; or B; to F; 5.0 11.0 3.0 14.5 3.0 12.0 


Propagation Delay 8.0 10.5 3.5 16.5 Pe ; 11.5 
Any AorBtoAnyF Sum 78 10.0 4.0 13.5 11.0 


Propagation Delay 9.4 12.0 17.5 13.0 
Any A or B to Any F 9.4 12.0 14.0 13.0 
Propagation Delay 6.0 9.0 3.5 14.5 10.0 


AorBtoF Logic 6.0 10.0 3.0 15.5 a 11.0 


Propagation Delay . . 18.5 27.0 8.0 35.0 11.0 29.0 
AorBtoA =B 9.8 12.5 5.5 21.0 6.0 13.5 
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54F/74F 182 
Carry Lookahead Generator 


General Description 


The 'F182 is a high-speed carry lookahead generator. It is 
generally used with the 'F181 or 'F381 4-bit arithmetic logic 
units to provide high-speed lookahead over word lengths of 
more than four bits. 


Orderi ng Code: see Section 5 
Logic Symbols 


Features 


m Provides lookahead carries across a group of four 


ALUs 


gw Multi-level lookahead high-speed arithmetic operation 
over long word lengths 


Connection Diagrams 


Pin Assignment for 


IEEE/IEC DIP, SOIC 


aon nner WA DH = 


Chex ne y Coez 


TL/F/9492-3 


and Flatpak 


Pin Assignment 
for LCC and PCC 


Ps Gs NC Py Gp 
(8) [7] 6) (5) 4) 
Ted | 





a.8.8.8 
(4) (5) (14) (7) fal 
Cory Cree NC Cy Gy 


TL/F/9492-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description 


Carry Input 

Carry Generate Inputs (Active LOW) 
Carry Generate Input (Active LOW) 
Carry Generate Input (Active LOW) 
Carry Propagate Inputs (Active LOW) 
Carry Propagate Input (Active LOW) 
Carry Propagate Input (Active LOW) 
Carry Outputs 

Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 


4 


ULL. 
HIGH/LOW 


1.0/2.0 
1.0/14.0 
1.0/16.0 
1.0/8.0 
1.0/8.0 
1.0/6.0 
1.0/4.0 
50/33.3 
50/33.3 
50/33.3 
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TL/F/9492-2 


Input Iyw/he 
Output Ion/loL 


20 pA/—1.2 mA 
20 pA/—8.4 mA 
20 pA/—9.6 mA 
20 pA/—4.8 mA 
20 pA/—4.8 mA 
20 pA/—3.6 mA 
20 pA/—2.4mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 





Functional Description 


The ’F182 carry lookahead generator accepts up to four 
pairs of Active LOW Carry Propagate (Po-P3) and Carry 
Generate (Go-G3) signals and an Active HIGH Carry input 
(Cp) and provides anticipated Active HIGH carries (Cy + x, 
Cn+y, Cn+z) across four groups of binary adders. The 
°F182 also has Active LOW Carry Propagate (P) and Carry 
Generate (G) outputs which may be used for further levels 
of lookahead. The logic equations provided at the outputs 
are: 


Cn+x = Go + PoC, 

Ch+y = Gy + PyGo + PyPoCp 

Catz = Go + PoGy + PoPyGo + PoPyPoCy 
G = Gg + P3G2 + P3P2G1 + P3P2P1Go 
P= PPP:Po 


Truth Table 


OQ 
3 
Ol 
o 
Ul 
o 
ol 
a 
a 


3 | 
| 
| 


Po G3 P3/ Ch+x 


-<>x<Z 


-—<x«K xX «K OK MK TKK KOK 
THO KKK KOK CTO KKK 


-crrmxKxKxx<xx«KL 


X 
L 
x 
H 
X 
X 
L 
X 
X 
H 
X 
x 
X 
L 
X 
X 
X 
H 


«KM «MOK KK KOK KOK KOKO K KOI 
<OmKRKDOKK KKOK LDL IK KKOCO ITIL 


~— KKK KOK 
<xx<OrmKDLIK KK KO LTIITIL 


—-omKxKxxKxK OX 
<xxx<romriT 
-coKxKxKx<L 


-<x< ix 
—x< IK x 
~oKxK x 


Cn+y Cniz 
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Also, the 'F182 can be used with binary ALUs in an active 
LOW or active HIGH input operand mode. The connections 
(Figure 1) to and from the ALU to the carry lookahead gen- 
erator are identical in both cases. Carries are rippled be- 
tween lookahead blocks. The critical speed path follows the 
circled numbers. There are several possible arrangements 
for the carry interconnects, but all achieve about the same 
speed. A 28-bit ALU is formed by dropping the last ’F181 or 
F381. 


G P 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


pe ee es le Oe ee 


rFoeoeeLrprrTt 
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Logic Diagram 


Chex Chey Chez 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Po Gy Py Gy Pp Gp Ps Gs Po Go Py Gy Po Gp Ps Gy 
C, F182 C, F182 


Chex Chey Coax Cue y 


FIGURE 1. 32-Bit ALU with Rippled Carry between 16-Bit Lookahead ALUs 
*ALUs may be either 'F181 or ’F381 
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TL/F/9492-4 


TL/F/9492-5 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —§5°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Vit Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


54F 10% Voc 2.5 
74F 10% Voc 2.5 
74F 5% Voc 2.7 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW 
Current 


mA 
A 
mA 
mA 


54F/74F 
Min Typ Max 
in| Input HIGH Voltage heer se ae 


ad 
ial 
ce 
0.5 ; 
ro | on | | 
ew 
eal 
Ea 
as) 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
V Recognized as a LOW Signal 
lin = —18mA 


loo = —1mMA 
lon = —1mA 
lon = —1mA 


lo. = 20mA 
lo, = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vcc 
in 


Vv 
V 


M 


= 
> 


nh 


—1.2 
—2.4 
—3.6 
—-48 
—8.4 
—9.6 


Vin = 0.5V (Cp) 

Vin = 0.5V (P3) 

Vin = 0.5V (Po) 

Vin = 0.5V (G3, Po, Py) 
Vin = 0.5V (Go, Go) 
Vin = 0.5V (G4) 

Vout = OV 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 


Max 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 


Ta; Vec = Mil 
Cy = 50 pF 


Propagation Delay 3.0 3.0 12.0 
Ch to Ch +x Ch+ ’ Ch+2z 3.0 6.8 9.0 3.0 1 1 Ae) 
Propagation Delay 
Po, Py, or Po to 

Ch+x: Cn+y, OF Cnr+z 


6.2 
3.7 


Propagation Delay 
Go, Gi, or Go to 
Cn+xs Ch+ , Or Cnh+z 
Propagation Delay 7.9 10.0 3.0 12.0 
Py, Po, or Ps toG 6.0 8.0 2.5 10.0 


Propagation Delay 8.3 10.5 3.0 12.0 3.0 
Gp toG 5.7 7.5 2.5 10.0 3.0 


Propagation Delay 5.7 7.5 2.5 10.0 3.0 
Py, to P 41 5.5 2.5 8.0 2.5 


2.5 6.5 
1.5 3.9 
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54F/74F 189 64-Bit Random Access 
Memory with TRI-STATE® Outputs 


General Description Features 


The ’F189 is a high-speed 64-bit RAM organized as a 16- & TRI-STATE outputs for data bus applications 
word by 4-bit array. Address inputs are buffered to minimize m Buffered inputs minimize loading 

loading and are fully decoded on-chip. The outputs are TRI- = Address decoding on-chip 

STATE and are in the high impedance state whenever the i Diode clamped inputs minimize ringing 

Chip Select (CS) input is HIGH. The outputs are active only 

in the Read mode and the output data is the complement of 

the stored data. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


D, Oy NC Dy WE 
BOA 
[ll el 


TL/F/9493-1 





oN On er WY 


IEEE/IEC 


LARA 
4 15 fe 


Os Dy NC Ag Ap 
| pees | Teen TL/F/9493-3 


0 


TL/F/9493-4 


Unit Loading/Fan Out: see section 2 a U.L. definitions 


[ sara s 
Pin Names Description U.L. Input H/T. 
HIGH/LOW Output Iox/loL 


Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Chip Select Input (Active LOW) 1.0/1.0 20 pA/—1.2 mA 
Write Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Inverted Data Outputs 150/40 (33.3) | —3.0 mA/24 mA (20 mA) 





4-155 


189 


Function Table 


cs WE Operation Condition of Outputs 


Write High Impedance 
Read Complement of Stored Data 
Inhibit High Impedance 


HIGH Voltage Level 
LOW Voltage Level 
mmaterial 


Block Diagram 


16-WORD x 4=BIT 
DECODER ADDRESS MEMORY CELL 


DRIVERS DECODER 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


input HIGH Vottage ae 
Input Clamp Diode Voltage es 


ViH 
VIL Input LOW Voltage 
Vcp 


Vou Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Vcc 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4,5V to +5.5V 


Conditions . 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
In = —18mMA 


lon = —1imA 
lon = —3mMA 
log = —1mA 
lon = —3mA 
loy = —1mA 
lon = —3mA 


lol = 20mA 
lo. = 24mA 


ren niGH Grin a a a Weew 


ese — tees 

Breakdown Test 

ae eS 
1, 2 

| Output Leakage Curent = | |p 

So ae es ee 

| OutputShortcircuit Current | 60 = 180 | mA | Max 

| BusDrainageTest | 800 '| A _| OV 

| PowerSupplyCurent | 785 |_mA_| Max | 


Nie Input LOW Current 


loZH 
lozt 
los 

ICEX 
l2z Bus Drainage Test 


locz 
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= 7.0V 


Vin = 0.5V (except CS) 
Vin = 0.5V (CS) 

Vout = 2.7V 

Vout = 0.5V 

Vout = 0V 

| nA | Max | Vout = Voc 
Vout = Vcc 
Vo = HIGH Z 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Veco = +5.0V 
C_ = 50pF 


Min Typ Max 


Access Time, HIGH or LOW 10.0 18.5 26.0 9.0 32.0 10.0 
An to On 8. 13.5 19.0 8.0 23.0 8.0 


Access Time, HIGH or LOW 3. 6.0 8.5 3.5 10.5 3.5 
CS to 0, 5. 9.0 13.0 5.0 15.0 5.0 
Disable Time, HIGH or LOW 2. 4.0 6.0 2.0 8.0 2.0 
CS to On 3. 
Write Recovery Time, 6. 
HIGH or LOW WE to O, 6. 
ime, 4. 
5 


*Ta;s Vcc = Mil 
C, = 50 pF 


7.0 10.0 3.5 12.0 4.0 
9.0 13.0 5.0 15.0 5.0 


0 
5 
0 
0 
0 5.5 8.0 2.5 10.0 3.0 
5 
5 
Disable Time, HIGH or LOW 0 
WE to On, 0 


15.0 28.0 6.5 37.5 6.5 
AC Operating Requirements: see Section 2 for Waveforms 


11.0 15.5 6.5 17.5 6.5 


Parameter 


Setup Time, HIGH or LOW 
A, to WE 


Hold Time, HIGH or LOW 
A, to WE 


Setup Time, HIGH or LOW 


D, to WE 10.0 


Hold Time, HIGH or LOW 
D, to WE 


Setup Time, LOW 
CS to WE 


Hold Time, LOW 


CS to WE 


WE Pulse Width, LOW 


‘Ta = —40°C to +125°C 


7 


5 
7.5 
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54F/74F 190 


Up/Down Decade Counter with Preset and Ripple Clock 


General Description 


The 'F190 is a reversible BCD (8421) decade counter fea- 
turing synchronous counting and asynchronous presetting. 
The preset feature allows the ’F190 to be used in program- 
mable dividers. The Count Enable input, the Terminal Count 
output and the Ripple Clock output make possible a variety 
of methods of implementing multistage counters. In the 
counting modes, state changes are initiated by the rising 
edge of the clock. 


Ordering Code: see Sections 
Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


TL/F/9494-1 


IEEE/IEC 


oan DO ese WwW DhH = 


CTRDIV1O 
GI 


M2(DOWN} 2(CT=0)z6 
M3(UP] _3(CT=9)z6 


TL/F/9494-4 


Features 

 High-speed—125 MHz typical count frequency 
m Synchronous counting 

m@ Asynchronous parallel load 

m Cascadable 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Q U/DNC CE Q 
BOA 
Baaan 





TL/F/9494~-2 TL/F/9494-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description U.L. Input lin/I 
HIGH/LOW | Output lon/IoL 


Count Enable Input (Active LOW) 
Clock Pulse Input (Active Rising Edge) 
Parallel Data Inputs 


Asynchronous Parallel Load Input (Active LOW) 


Up/Down Count Control Input 
Flip-Flop Outputs 

Ripple Clock Output (Active LOW) 
Terminal Count Output (Active HIGH) 


1.0/3.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 
50/33.3 


20 pA/—1.8 mA 
20 pA/—0.6 mA 
20 »pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The 'F190 is a synchronous up/down BCD decade counter 
containing four edge-triggered flip-flops, with internal gating 
and steering logic to provide individual preset, count-up and 
count-down operations. It has an asynchronous parallel 
load capability permitting the counter to be preset to any 
desired number. When the Parallel Load (PL) input is LOW, 
information present on the Parallel Data inputs (Po—P3) is 
loaded into the counter and appears on the Q outputs. This 
operation overrides the counting functions, as indicated in 
the Mode Select Table. A HIGH signal on the CE input inhib- 
its counting. When CE is LOW, internal state changes are 
initiated synchronously by the LOW-to-HIGH transition of 
the clock input. The direction of counting is determined by 
the U/D input signal, as indicated in the Mode Select Table, 
CE and U/D can be changed with the clock in either state, 
provided only that the recommended setup and hold times 
are observed. 
RC Truth Table 


*TC is generated internally 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~/ = LOW-to-HIGH Clock Transition 
“LF = LOW Pulse 


State Diagram 
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Two types of outputs are provided as overflow/underflow 
indicators. The Terminal Count (TC) output is normally LOW 
and goes HIGH when a circuit reaches zero in the count- 
down mode or reaches 9 in the count-up mode. The TC 
output will then remain HIGH until a state change occurs, 
whether by counting or presetting or until U/D is changed. 
The TC output should not be used as a clock signal be- 
cause it is subject to decoding spikes. The TC signal is also 
used internally to enable the Ripple Clock (RC) output. The 
RC output is normally HIGH. When CE is LOW and TC is 
HIGH, the RC output will go LOW when the clock next goes 
LOW and will stay LOW until the clock goes HIGH again. 
This feature simplifies the design of multistage counters. 
For a discussion and illustrations of the various methods of 
implementing multistage counters, please see the 'F191 
data sheet. 


Mode Select Table 


Count Up 

Count Down 
Preset (Asyn.) 

No Change (Hold) 


COUNT UP» 
[8] COUNT DOWN-- > 
TL/F/9494-5 
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Logic Diagram 


ran 
J CLOCK K 
OFPRESET CLEAR |O 


Q Q 


/ 


Q) Q3 
TL/F/9494-6 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature ~—65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
~—-0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin___| Input HIGH Vottage ae i 
Vi__| Input LOW Voltage poe | v | _ 


Input Clamp Diode Voltage 


OutputHIGH = 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 


Voltage 





Output Short-Ciroult Current Se 
Output HIGH Leakage Current Sean eee 
Power Supply Current | 8855 | mA Max | 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial! 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signa! 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lol = 20mA 
lo. = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V, except CE 
Vin = 0.5V, CE 


Vout = OV 
Vout = Voc 
Vo = LOW 





4-162 


O61 


AC Electrical Characteristics: sco Section 2 for Waveforms and Load Configurations 


Ta, Vcc = Mil | Ta, Vcc = Com 
C, = 50 pF 


Min Typ ee 
Maximum Clock Frequency a a ot | 


Propagation Delay 
CP to Q, oo a : ied = be Ss i 


Propagation Delay 6.0 10.0 13.0 6.0 16.5 6.0 14.0 
CP to TC 5.0 8.5 11.0 5.0 13.5 5.0 12.0 


Propagation Delay 
CP to RC 


Propagation Delay 
CE to RC 


Propagation Delay a 1 a 18.0 7.0 22.0 7.0 20.0 
U/D to RC 12.0 5.5 14.0 5.5 13.0 


Propagation Delay 10.0 4.0 13.5 4.0 11.0 
U/D to TC = 10.0 4.0 12.5 4.0 11.0 


Propagation Delay 4.5 7.0 3.0 . : 
Pp, to Qn : 10.0 13.0 6.0 ae a i 


Propagation Delay : 8.5 11.0 5.0 13.0 5.0 12.0 
PL to Q, . 9.0 12.0 5.5 14.5 5.5 13.0 


Parameter 


AC Operating ee See Section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


al Time, HIGH or LOW 
al to PL 


Hold Time, HIGH or LOW 2.0 

P, to PL 2.0 
Setup Time, LOW 
CE to CP 
Hold Time, LOW 
CE to CP 
Setup Time, HIGH or LOW 12.0 12.0 12.0 
U/D to CP 12.0 12.0 12.0 
Hold Time, HIGH or LOW 
Ere racine Dto CP 
PL Pulse Width, | PL Pulse Width, LOW 


OP Pulse Width, LOW Er ee (eee! eae 
RecoveryTimePLtoce | eo | 7s | 80s 


Parameter Ta; Voc = Mil Ta; Veco = Com 
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54F/74F191 


Up/Down Binary Counter with Preset and Ripple Clock 


General Description 


The ’F191 is a reversible modulo-16 binary counter featur- 
ing synchronous counting and asynchronous preseiting. 
The preset feature allows the ’F191 to be used in program- 
mable dividers. The Count Enable input, the Terminal Count 
output and Ripple Clock output make possible a variety of 
methods of implementing multistage counters. In the count- 
ing modes, state changes are initiated by the rising edge of 
the clock. 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assig 


DIP, SOIC and Flatpak 


TL/F/9495-1 
IEEE/IEC 


1 

2 
3 
4 
5 
6 
7 
8 


CTRDIVI6 


M2 [DOWN] 2(CT=0)z6 
3(CT=15)26 


TL/F/9495-4 


Features 

m High-Speed—125 MHz typical count frequency 
m@ Synchronous counting 

m Asynchronous parallel load 

m Cascadable 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


nment for 


Q, U/DNC CE Q 
eafea aes fz) 
ane 2 8 


TL/F/9495-2 TL/F/9495-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


Count Enable Input (Active LOW) 

Clock Pulse Input (Active Rising Edge) 

Parallel Data Inputs 

Asynchronous Parallel Load Input (Active LOW) 
Up/Down Count Control Input 

Flip-Flop Outputs 

Ripple Clock Output (Active LOW) 

Terminal Count Output (Active HIGH) 


54F/74F 


U.L. Input Iya/y 
HIGH/LOW | Output Ion/IoL 


1.0/3.0 | 20 pA/—1.8mA 
1.0/1.0 | 20 pA/—0.6 mA 
1.0/1.0 | 20 nA/—0.6 mA 
1.0/1.0 | 20 pA/—0.6 mA 
1.0/1.0 | 20 pA/—0.6 mA 
50/33.3 | —1mA/20mA 
50/33.3 | —1mA/20mA 
50/33.3 | —1mA/20mA 
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Functional Description 


The ’F191 is a synchronous up/down 4-bit binary counter. It 
contains four edge-triggered flip-flops, with internal gating 
and steering logic to provide individual preset, count-up and 
count-down operations. 


Each circuit has an asynchronous parallel load capability 
permitting the counter to be preset to any desired number. 
When the Parallel Load (PL) input is LOW, information pres- 
ent on the Parallel Data inputs (Po~P3) is loaded into the 
counter and appears on the Q outputs. This operation over- 
rides the counting functions, as indicated in the Mode Se- 
lect Table. 


A HIGH signal on the CE input inhibits counting. When CE is 
LOW, internal state changes are initiated synchronously by 
the LOW-to-HIGH transition of the clock input. The direction 
of counting is determined by the U/D input signal, as indi- 
cated in the Mode Select Table. CE and U/D can be 
changed with the clock in either state, provided only that the 
recommended setup and hold times are observed. 


Two types of outputs are provided as overflow/underflow 
indicators. The Terminal Count (TC) output is normally LOW 
and goes HIGH when a circuit reaches zero in the count- 
down mode or reaches 15 in the count-up mode. The TC 
output will then remain HIGH until a state change occurs, 
whether by counting or presetting or until U/D is changed. 
The TC output should not be used as a clock signal be- 
cause it is subject to decoding spikes. 


The TC signal is also used internally to enable the Ripple 
Clock (RC) output. The RC output is normally HIGH. When 
CE is LOW and TC is HIGH, the RC output will go LOW 
when the clock next goes LOW and will stay LOW until the 
clock goes HIGH again. This feature simplifies the design of 
multistage counters, as indicated in Figures 7 and 2. In Fig- 
ure 1, each RC output is used as the clock input for the next 
higher stage. This configuration is particularly advantageous 
when the clock source has a limited drive capability, since it 
drives only the first stage. To prevent counting in all stages 
it is only necessary to inhibit the first stage, since a HIGH 
signal on CE inhibils the RC oulput puise, as indicated in the 
RC Truth Table. A disadvantage of this configuration, in 
some applications, is the timing skew between state chang- 
es in the first and last stages. This represents the cumula- 
tive delay of the clock as it ripples through the preceding 
stages. 
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A method of causing state changes to occur simultaneously 
in all stages is shown in Figure 2. All clock inputs are driven 
in parallel and the RC outputs propagate the carry/borrow 
signals in ripple fashion. In this configuration the LOW state 
duration of the clock must be long enough to allow the neg- 
ative-going edge of the carry/borrow signal to ripple through 
to the last stage before the clock goes HIGH. There is no 
such restriction on the HIGH state duration of the clock, 
since the RC output of any device goes HIGH shortly after 
its CP input goes HIGH. 


The configuration shown in Figure 3 avoids ripple delays 
and their associated restrictions. The CE input for a given 
stage is formed by combining the TC signals from all the 
preceding stages. Note that in order to inhibit counting an 
enable signal must be included in each carry gate. The sim- 
ple inhibit scheme of Figures 7 and 2 doesn’t apply, be- 
cause the TC output of a given stage is not affected by its 
own CE. 


Mode Select Table 


Count Up 

Count Down 
Preset (Asyn.) 

No Change (Hold) 





*TC is generated internally 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~~ = LOW-to-HIGH Clock Transition 
“LD = LOW Pulse 
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Logic Diagram 


ee ee 
| prota | pester] | 
J CLOCK K 
f=} 
Q Q 


RC =—-‘TC Q 
TL/F/9495-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


DIRECTION 
CONTROL 


TL/F/9495-6 


DIRECTION 
CONTROL 


TL/F/9495-7 
FIGURE 2. Synchronous n-Stage Counter Using Ripple Carry/Borrow 


DIRECTION 
CONTROL 


ENABLE 


CLOCK 
TL/F/9495-8 


FIGURE 3. Synchronous n-Stage Counter with Gated Carry/Borrow 





4-166 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol! 
Min 


Vin Input HIGH Voltage 2.0 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Vcc 2.5 


74F 10% Voo 2.5 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Veo 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 

Input LOW Current 


Output Short-Circuit Current 
Output HIGH Leakage Current 
Power Supply Current 


Voltage 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°c to + 70°C 


+ 4.5V to +5.5V 
+ 4.5V to +5.5V 


54F/74F 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 MA 
lon = —1mMA 
lon = —1 mA 


lol = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V (except CE) 
Vin = 0.5V (CE) 


Vout = 0V 


Vout = Vcc 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Cy. = 50 pF 
Min Typ Max 


Propagation Delay 3.0 5.5 7.5 3.0 
CP to Qn 5.0 8.5 11.0 5.0 13.5 5.0 
6.0 


Propagation Delay 10.0 13.0 6.0 16.5 6.0 
CP to TC 5.0 8.5 11.0 5.0 13.5 5.0 


Propagation Delay 3.0 5.5 7.5 3.0 9.5 3.0 
CP to RC 5.0 7.0 3.0 9.0 3.0 


Propagation Delay 5.0 7.0 3.0 9.0 3.0 
CE to RC 


3.0 
3.0 
3.0 5.5 7.0 3.0 9.0 3.0 
Propagation Delay 7.0 11.0 18.0 7.0 22.0 7.0 
U RC 5.5 

4 


U/D to RC 9.0 12.0 5.5 14.0 5.5 


Propagation Delay 0 7.0 10.0 4.0 13.5 4.0 
U/D to TC 4.0 6.5 10.0 4.0 12.5 4.0 


Propagation Delay 3.0 4.5 7.0 3.0 9.0 3.0 
Pr to Qn 6.0 10.0 13.0 6.0 16.0 6.0 


Propagation Delay 5.0 8.5 11.0 5.0 13.0 5.0 
PL to Qn 5.5 9.0 12.0 5.5 14.5 5.5 


AC Operating Requirements: see Section 2 for Waveforms 


Setup Time, HIGH or LOW 4.5 


Ta = +25°C _ = 
Parameter Veco = +5.0V Ta; Vec = Mil Tas Vcc = Com 
6.0 
6.0 


P, to PL 4.5 
Hold Time, HIGH or LOW 2.0 
Ph to PL 2.0 


Setup Time LOW 
CE to CP ae eee eee 


Hold Time LOW 

CE to CP 

Setup Time, HIGH or LOW 12.0 12.0 12.0 
U/D to CP 12.0 12.0 12.0 
Hold Time, HIGH or LOW 

U/D to CP 


Plpuisewidntow | so | as | ons 
cPPusewiathuow | so | of 50s 


Recovery Time 75 
PL to CP ‘ 
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54F/74F192 
Up/Down Decade Counter 


with Separate Up/Down Clocks 


General Description 


The 'F192 is an up/down BCD decade (8421) counter. Sep- 
arate Count Up and Count Down Clocks are used, and in 
either counting mode the circuits operate synchronously. 
The outputs change state synchronously with the LOW-to- 
HIGH transitions on the clock inputs. 


Ordering Code: see Sections 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


TL/F/9496-3 


IEEE/IEC 


CTRDIVIO 


1 

2 
3 
4 
5 
6 
7 
8 


Q, 

Q 

Qs 
TL/F/9496-6 


Separate Terminal Count Up and Terminal Count Down out- 
puts are used as the clocks for a subsequent stage without 
extra logic, thus simplifying multistage counter designs. Indi- 
vidual preset inputs allow the circuit to be used as a pro- 
grammable counter. Both the Parallel Load (PL) and the 
Master Reset (MR) inputs asynchronously override the 
clocks. 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Qp CPy NC CPp Qo 
BOE) 





PL TGyNC TCy MR 


TL/F/9496-1 
TL/F/9495-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


Count Up Clock Input (Active Rising Edge) 
Count Down Clock Input (Active Rising Edge) 
Asynchronous Master Reset Input (Active HIGH) 
Asynchronous Parallel Load Input (Active LOW) 
Parallel Data Inputs 

Flip-Flop Outputs 


Terminal Count Down (Borrow) Output (Active LOW) 


Terminal Count Up (Carry) Output (Active LOW) 


54F/74F 


U.L. Input IH/te 
HIGH/LOW| Output Ion/lot 


1.0/3.0 
1.0/3.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 
50/33.3 


—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The ’F192 is an asynchronously presettable decade coun- 
ter. It contains four edge-triggered flip-flops, with internal 
gating and steering logic to provide master reset, individual 
preset, count up and count down operations. 


A LOW-to-HIGH transition on the CP input to each flip-flop 
causes the output to change state. Synchronous switching, 
as opposed to ripple counting, is achieved by driving the 
steering gates of all stages from a common Count Up line 
and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH 
transition on the Count Up input will advance the count by 
one; a similar transition on the Count Down input will de- 
crease the count by one. While counting with one clock in- 
put, the other should be held HIGH, as indicated in the 
Function Table. Otherwise, the circuit will either count by 
twos or not at all, depending on the state of the first flip-flop, 
which cannot toggle as long as either clock input is LOW. 


The Terminal Count Up (TCy) and Terminal Count Down 
(TCp) outputs are normally HIGH. When the circuit has 
reached the maximum count state 9, the next HIGH-to-LOW 
transition of the Count Up Clock will cause TCy to go LOW. 
TCy will stay LOW until CPy goes HIGH again, thus effec- 
tively repeating the Count Up Clock, but delayed by two 
gate delays. Similarly, the TCp output will go LOW when the 
circuit is in the zero state and the Count Down Clock goes 
LOW. Since the TC outputs repeat the clock waveforms, 
they can be used as the clock input signals to the next 
higher order circuit in a multistage counter. 
TCy = Qo *Q3 ° CPy 
TCp = Qo * Q; © Qo ° 3 & CPp 

The ’F192 has an asynchronous parallel load capability per- 
mitting the counter to be preset. When the Parallel Load 
(PL) and the Master Reset (MR) inputs are LOW, informa- 
tion present on the Parallel Data input (P9-P3) is loaded 
into the counter and appears on the outputs regardless of 
the conditions of the clock inputs. A HIGH signal on the 
Master Reset input will disable the preset gates, override 
both clock inputs, and latch each Q output in the LOW state. 
If one of the clock inputs is LOW during and after a reset or 


load operation, the next LOW-to-HIGH transition of that 
clock will be interpreted as a legitimate signal and will be 
counted. 

Function Table 


H Reset (Asyn.) 
L Preset (Asyn.) 
L No Change 

L Count Up 

L Count Down 
HIGH Voltage Level 

LOW Voltage Level 


= Immaterial 
Y= LOW-to-HIGH Clock Transition 


State Diagram 





——— > COUNT UP 


---- > COUNT DOWN 
TL/F/9496-4 





Logic Diagram 


T 


T 
(CARRY) (BORROW) 


TL/F/9496-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 

Input LOW Current 


Output Short-Circuit Current 
Output HIGH Leakage Current 
Power Supply Current 


Voltage 





54F/74F 


NNN 
“Noo 
| 
mp |oO o 
oO Olan 
o 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to + 5.5V 


Conditions 


= 
2 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mMA 


lo. = 20 mA 
lol = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V, Except CPy, CPp 
Vin = 0.5V, CPy, CPp 


Vour = 0V 


=|j= 
z | 


Vout = Voc 
Vo = LOW 


: 3 : Ir 
hpi: le pl] = EEE 


a 
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AC Electrical Characteristics: sce Section 2 tor Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C._ = 50 pF 


Ta; Vcc = Mil Ta: Voc = Com 
C._ = 50 pF C, = 50 pF 


Maximum Clock Frequency a 


Propagation Delay CPy or 4.0 9.0 in . ie . 
CPp to TCy or TCp 3.5 . 8.0 ; : 
Propagation Delay 4.0 6.5 8.5 4.0 10.0 
CPy or CPp to Qn 5.5 9.5 12.5 5.5 14.0 


Propagation Delay 3.0 4.5 3.0 

P, to Q, 6.0 11.0 ae 6.0 ia ee 
Propagation Delay : : 8.5 11.0 : : 13.5 12.0 
PL to Q, 10.0 13.0 15.0 14.0 
Propagation Delay 

MR to Q, 


Propagation Delay 
MR to TCy 


Propagation Delay 


- : 
MR to TCp [a ele 
Propagation Delay 12.0 15.5 18.5 16.5 
PL to TCy or TCp a 11.5 14.5 17.5 15.5 
Propagation Delay 7.0 11.5 14.5 7.0 16.5 15.5 
Py to TCy or TCp 6.5 11.0 14.0 6.5 16.5 15.0 
AC Operating Requirements: sce Section 2 for Waveforms 


ene a 


n= +25° 
Symboi Parameter Ta one Tas Voc = Mil Ta; Vec = Com 


a +5.0V 


Setup Time, HIGH or LOW 

P, to PL 

Hold Time, HIGH or LOW 2.0 

P,, to PL 2.0 =H 


| PL Pulse width Low | 60 | 


ee eee ee | eee Be 
CPy or CPp 70 
Pulse Width, LOW ° 
CPy or CPp 
Pulse Width, LOW 10.0 12.0 10.0 
ea cae of Direction) 


MR | MA Pulse Width, HIGH | Width, HIGH 

Recovery Time 

PL to CPy or CPp 

Recovery Time 

MR to CPy or CPp ee ee 
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54F/74F 193 Up/Down Binary Counter 
with Separate Up/Down Clocks 


General Description 


The ’F193 is an up/down modulo-16 binary counter. Sepa- 
rate Count Up and Count Down Clocks are used, and in 
either counting mode the circuits operate synchronously. 
The outputs change state synchronously with the LOW-to- 
HIGH transitions on the clock inputs. Separate Terminal 
Count Up and Terminal Count Down outputs are provided 


Ordering Code: see Sections 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 





TL/F/9497-1 


IEEE/IEC 


on DO eh WH 





CTRDIVI6 


Po Q% 
Py Q 
Po Q 
P3 Q3 


TL/F/9497-4 





that are used as the clocks for subsequent stages without 
extra logic, thus simplifying multi-stage counter designs. In- 
dividual preset inputs allow the circuit to be used as a pro- 
grammable counter. Both the Parallel Load (PL) and the 
Master Reset (MR) inputs asynchronously override the 
clocks. 


Connection Diagrams 
Pin Assignment 
for LCC and PCC 


Qp CPy NC CPp Qy 
BOWIE 





0; ©) Bia, 

GND (2]P, 
NC CNC 
Ps 2d Veg 
Po [13] Po 


AAA R ‘J 
PL TCy NC TCp MR 


TL/F/9497-2 
TL/F/9497-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


Count Up Clock Input (Active Rising Edge) 
Count Down Clock Input (Active Rising Edge) 


Asynchronous Master Reset Input (Active HIGH) 
Asynchronous Parallel Load Input (Active LOW) 
Parallel Data Inputs 

Flip-Flop Outputs 

Terminal Count Down (Borrow) Output (Active LOW) 
Terminal Count Up (Carry) Output (Active LOW) 





54F/74F 


ULL. Input tWH/lit 
HIGH/LOW | Output Ion/loL 


1.0/3.0 
1.0/3.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The ’F193 is a 4-bit binary synchronous up/down (revers- 
ible) counter. It contains four edge-triggered flip-flops, with 
internal gating and steering logic to provide master reset, 
individual preset, count up and count down operations. 


A LOW-to-HIGH transition on the CP input to each flip-flop 
causes the output to change state. Synchronous switching, 
as opposed to ripple counting, is achieved by driving the 
steering gates of all stages from a common Count Up line 
and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH 
transition on the Count Up input will advance the count by 
one; a similar transition on the Count Down input will de- 
crease the count by one. While counting with one clock in- 
put, the other should be held HIGH, as indicated in the 
Function Table. 


The Terminal Count Up (TCy) and Terminal Count Down 
(TCp) outputs are normally HIGH. When the circuit has 
reached the maximum count state 15, the next HIGH-to- 
LOW transition of the Count Up Clock will cause TCy to go 
LOW. TCy will stay LOW until CPy goes HIGH again, thus 
effectively repeating the Count Up Clock, but delayed by 
two gate delays. Similarly, the TCp output will go LOW when 
the circuit is in the zero state and the Count Down Clock 
goes LOW. Since the TC outputs repeat the clock wave- 
forms, they can be used as the clock input signals to the 
next higher order circuit in a multistage counter. 


TCy = Qo * Qi * Q2*Q3°CPy 
TCp = Qo * Qy * Q2° G3 * CPp 
The ’F193 has an asynchronous parallel load capability per- 


mitting the counter to be preset. When the Parallel Load 
(PL) and the Master Reset (MR) inputs are LOW, informa- 


tion present on the Parallel Data input (Po-P3) is loaded 
into the counter and appears on the outputs regardless of 
the conditions of the clock inputs. A HIGH signal on the 
Master Reset input will disable the preset gates, override 
both clock inputs, and latch each Q output in the LOW state. 


If one of the clock inputs is LOW during and after a reset or 
load operation, the next LOW-to-HIGH transition of that 
clock will be interpreted as a legitimate signal and will be 
counted. 


Function Table 


Reset (Asyn.) 
Preset (Asyn.) 


No Change 
Count Up 
Count Down 





IGH Voltage Level 
LOW Voltage Level 


~/ = LOW-to-HIGH Clock Transition 


State Diagram 


——> COUNT UP 


----* COUNT DOWN 
TL/F/9497-5 





£61 


193 


Logic Diagram 


7 Tp 
(CARRY) (BORROW) 


TL/F/9497-6 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ViH 


Vcp 


Vou Output HIGH 54F 10% Voc 2.5 
74F 10% Voc |] 2.5 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voitage 


VoL 


Input HIGH Current 
Breakdown Test 
Input LOW Current 


Output Short-Circuit Current —60 
IcEX Output HIGH Leakage Current 
loc Power Supply Current 38 


Symbol Parameter BaEIaE: Vcc 
Min Typ Max 


Input HIGH Voltage peo) 
Vi__| Input LOW Voltage pow | | 
Input Clamp Diode Voltage |= .2 || Min 


2.7 
0.5 
eran 
| Max | 


In| Input HIGH Current 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
loH = —1mA 
loH = —1mA 


lo = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Be 


Vin = 0.5V (MR, PL, Pp) 
Vin = 0.5V (CPy, CPp) 


Vout = 0V 


Vout = Vcc 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter bs = +5.0V 
= 50 or 


Ta; Vec = Mil 
C_ = 50 pF 


Propagation Delay 9.0 
CPy or CPp to 
TCy or TCp 


Propagation Delay 4.0 6.5 8.5 3.5 10.0 
CPy or CPp to Qn 5.5 9.5 12.5 5.5 14.0 


Propagation Delay 
P, to Qp, 6.0 11.0 14.5 6.0 16.5 6.0 15.5 


Propagation Delay 8.5 11.0 : : 13.5 ‘ : 12.0 
PL to Qn 10.0 13.0 15.0 14.0 


Propagation Delay 
MR to Q, 
Propagation Delay 
MR to TCy 
Propagation Delay 
MR to TCp 


Propagation Delay 12.0 15.5 18.5 
PL to TCy or TCp a 11.5 14.5 io 17.5 es 


Propagation Delay 7.0 11.5 14.5 6.0 16.5 7.0 
P,, to TCy or TCp 6.5 11.0 14.0 5.0 16.5 6.5 


AC Operating Requirements: see section 2 tor Waveforms 


74F 74F 
Ta = +25°C = - 
Parameter te a = +5.0V Ta; Vcc = Mil Ta: Vcc = Com 


Setup Time, HIGH or LOW 
P, to PL 


Hold Time, HIGH or LOW 
rere to PL 


| PL Pulse Width, LOW Pulse Width, LOW 
CPy or CPp 

Pulse Width, LOW 
CPy or CPp 

Pulse Width, LOW 
ernie sel of Direction) 


MR Pulse Width, | MR Pulse Width, HIGH 
Recovery Time 
PL to CPy or CPp 
Recovery Time 
MR to CPy or CPp a eee eee 
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54F/74F 194 


4-Bit Bidirectional Universal Shift Register 


General Description 


The ’F194 is a high-speed 4-bit bidirectional universal shift 
register. As a high-speed, multifunctional, sequential build- 
ing block, it is useful in a wide variety of applications. It may 
be used in serial-serial, shift left, shift right, serial-parallel, 
parallel-serial, and parallel-parallel data register transfers. 
The ’F194 is similar in operation to the 'F195 universal shift 
register, with added features of shift left without external 
connections and hold (do nothing) modes of operation. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


IEEE/IEC 


ant rnunrk WH = 


TL/F/9498-3 


Features 

m@ Typical shift frequency of 150 MHz 

m@ Asynchronous master reset 

m@ Hold (do nothing) mode 

m Fully synchronous serial or parallel data transfers 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Ps Py NC Py Py 
exftal cafe) 
[ led 





CP Qs NC Q, Qy 


/9498- 
aera TL/F/9498-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


Mode Control Inputs 

Parallel Data Inputs 

Serial Data Input (Shift Right) 

Serial Data Input (Shift Left) 

Clock Pulse Input (Active Rising Edge) 
Asynchronous Master Reset Input (Active LOW) 
Parallel Outputs 


54F/74F 


U.L. Input A/li 
HIGH/LOW | Output Ion/loL 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/~0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 

—1mA/20 mA 
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Functional Description 


The ’F194 contains four edge-triggered D flip-flops and the 
necessary interstage logic to synchronously perform shift 
right, shift left, parallel load and hold operations. Signals 
applied to the Select (So, S;) inputs determine the type of 
operation, as shown in the Mode Select Table. Signals on 
the Select, Parallel data (Pp—P3) and Serial data (Dsp, Ds,) 


inputs can change when the clock is in either state, provid- 
ed only that the recommended setup and hold times, with 
respect to the clock rising edge, are observed. A LOW sig- 
nal on Master Reset (MR) overrides all other inputs and 
forces the outputs LOW. 


Mode Select Table 


Operating 
Mode 
Reset 
Hold 
Shift Left 


Shift Right 


Parallel Load 
H (h) = High Voltage Level 
L (I) = Low Voltage Level 


Outputs 
Q, Qo 
L L 
a1 G2 


G2 q3 
qe q3 


do a1 
qo a1 


Pi P2 


Pn (Qn) = Lower case letters indicate the state of the referenced input (or output) one setup time prior to the LOW-to-HIGH clock transition. 


X = Immaterial 


Logic Diagram 


TL/F/9498-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 556°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical ee 


Vin___|_ Input HIGH Voltage 


a 74F 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


VIL Input LOW Voltage Se Recognized as a LOW Signal 
Input Clamp Diode Voltage te | vf in| ly = —18 mA 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Voltage 





Output LOW 
Voitags 


loo = —1mA 
lon = —1mA 
lon = —1mA 
lo. = 20 mA 
lo. = 2OmA 


neu GH GREE ra Vacs ov 


Input HIGH Current Vin = 7.0V 
Breakdown Test 


A Input LOW Current ew 


Vin = 0.5V 


Output Short-Circuit Current ee nee Vour = ov 
lex __| Output HIGH Leakage Current es ee a Vout = Voc 
loc Power Supply Current 33 46 | mA | Max | 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Veo = +5.0V Ta; Vec = Mil Ta, Vcc = Com 


i i 


Ta = +25°C Sikes = 
Veco = +5.0V Ta, Vcc = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 4.0 6.0 4.0 
P, or Dsp or Ds, to CP 4.0 4.0 4.0 
1.5 
1.0 


Hold Time, HIGH or LOW 1.0 
P, or Dgpr or Dg, to CP 1.0 
Setup Time, HIGH or LOW 10.0 be . 11.0 
Sp to CP 8.0 8.0 
Hold Time, HIGH or LOW 
Sp to CP 
5.5 
5.0 


OP PulseWidth HIGH | 5.0 ree ee 
Recovery Time MIF to CP a ee a ee 


MR Pulse Width, LOW 5.0 
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54F/74F219 


64-Bit Random Access Memory with TRI-STATE® 


Outputs 


General Description 


The ’F219 is a high-speed 64-bit RAM organized as a 
16-word by 4-bit array. Address inputs are buffered to mini- 
mize loading and are fully decoded on-chip. The outputs are 
TRI-STATE and are in the high-impedance state whenever 
the Chip Select (CS) input is HIGH. The outputs are active 
only in the Read mode. This device is similar to the ’F189 
but features non-inverting, rather than inverting, data out- 
puts. 


Ordering Code: see Section 5 


Logic Symbol 


Pin Assignment for 
DIP, SOIC and Flatpak 


TL/F/9500-1 


Features 

@ TRI-STATE outputs for data bus applications 
g Buffered inputs minimize loading 

ag Address decoding on-chip 

a Diode clamped inputs minimize ringing 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Dy Op NC Dg WE 
Me Bi) 


03 Ds NC Az Ap 


TL/F/9500-3 


TL/F/9500-2 


Unit Loading/Fan Out: see Section 2 ee U.L. definitions 


a 
Description ULL. Input y/Iyb 
HIGH/LOW Output Ion/loL 


Address Inputs 

Chip Select Input (Active LOW) 
Write Enable Input (Active LOW) 
Data Inputs 

TRI-STATE Data Outputs 





1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—1.2 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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Function Table 


ee Operation Condition of Outputs 





L L Write High Impedance 
L H Read True Stored Data 
H X Inhibit High Impedance 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Block Diagram 


16=WORD x 4=BIT 
MEMORY CELL 


DRIVERS DECODER ARRAY 


OUTPUT 
BUFFERS 
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TL/F/9500-4 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage [as 


VIH 
VIL 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 


74F 10% Veco 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Ne Input LOW 
Current 


54F 10% Voc 
74F 10% Voc 


1OZH Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 


Output HIGH 
Leakage Current 


lozt 
los 
IcEX 


Bus Drainage Test 


Power Supply Current 





2.7 
0.5 
0.5 
—0.6 
—1.2 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mA 
lon = —3mA 
lon = —1imA 
lon = —3mA 
lon = —1mA 
lon = —3mMA 


lo. = 20mA 
lo, = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Q 


Vin = 0.5V (An, WE, Dp) 
Vin = 0.5V (CS) 


Vout = 2.7V 
Vout = 0.5V 
Vout = OV 


g 


Vout = Vcc 


g 


0.0V 


ax 


Vout = Vcc 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta; Vcc = Mil 


= + is 
Parameter Vcc 5.0V C. = 50 pF 


C_ = 50 pF 
Min Typ Max 


Access Time, HIGH or LOW = : 18.5 26.0 9.0 32.0 ee . 
An to On 13.5 19.0 8.0 23.0 


Access Time, HIGH or LOW 3 : 8.5 3.5 10.5 
CS to On 13.0 5.0 15.0 
Disable Time, HIGH or LOW 

CS to Op, a6 oe 8.0 2.5 10.0 


Write Recovery Time 6.5 20.0 28.0 6.5 37.5 6.5 29.0 
HIGH or LOW, WE to On 6.5 11.0 15.5 6.5 17.5 6.5 16.5 


Disable Time, HIGH or LOW | 4.0 7.0 10.0 3.5 12.0 4.0 11.0 
WE to Op, 5.0 9.0 13.0 5.0 15.0 5.0 14.0 


AC Operating Requirements: see Section 2 for Waveforms 


7 7 


Ta = +25°C 


Parameter Veco = +5.0V 


Ta; Voc = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 
An to WE 


Hold Time, HIGH or LOW 
An to WE 


Setup Time, HIGH or LOW 
D, to WE 


Hold Time, HIGH or LOW 
Dn to WE 


Setup Time, LOW 
CS to WE 


WE Pulse Width, | WE Pulse Width, LOW 
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54F/74F240¢54F/74F241°¢54F/74F244 
Octal Buffers/Line Drivers with TRI-STATE® Outputs 


General Description Features 


The 'F240, 'F241 and 'F244 are octal buffers and line driv- ™ TRI-STATE outputs drive bus lines or buffer memory 
ers designed to be employed as memory and address driv- address registers 

ers, clock drivers and bus-oriented transmitters/receivers m Outputs sink 64 mA (48 mA mil) 

which provide improved PC and board density. m 12 mA source current 


@ Input clamp diodes limit high-speed termination effects 


przelpce0re 


Ordering Code: see section 5 


Connection Diagrams 


Pin Assignment Pin Assignment 

for LCC and PCC for DIP, SOIC and Flatpak 
ts Og Ip O5 |, 

6) GI) 





=i 


ew Do 
Dp Ig Oy I Oo 


TL/F/9501-2 TL/F/9501~1 
"FDAY 

Is 06 Ip O5 | 

(6) (5) 4) 


HEwOe 
0 Is 04 I4 Oo 





TL/F/9501-4 
TL/F/9501-3 


"F244 


Iz Og Ip O5 | 
EAE ICS 





HR koe 
0 Is 04 '4 Op 





TL/F/9501-6 





TL/F/9501-5 
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Logic Symbols 


lEEE/IEC IEEE/IEC IEEE/IEC 
"F241 "F244 


TL/F/9501~7 TL/F/9501-8 TL/F/9501-9 


Unit Loading/Fan Out: see Section 2 for ULL. Sa —ae 


| AFITOF 
Description U.L. Input tyy/Iie 
HIGH/LOW Output IoH/loL 


OE}, OE2 TRI-STATE Output Enable Input (Active LOW) 1.0/1.667 20 pA/—1 mA 
OEa TRI-STATE Output Enable Input (Active HIGH) 1.0/1.667 20 pA/—1mA 
lo-l7 Inputs (F240) 1.0/1.667* 20 pA/—1 mA 
lo-l7 Inputs (’F241, F244) 1.0/2.667* 20 pA/—1.6 mA 
Oo-07, Op-O7 | Outputs 150/106.6 (80) | —12mA/64 mA (48 mA) 





“Worst-case ’F240 enabled; ’F241, 'F244 disabled 


Truth Tables 


W Voltage Level 
material 
igh Impedance 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Storage Temperature 
Ambient Temperature under Bias 
Junction Temperature under Bias 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) 


—65°C to + 150°C 
— 55°C to + 125°C 
—55°C to + 175°C 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 


—0.5V to +5.5V 


twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional 
these conditions is not implied. 


operation under 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Vin 
ViL 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Vcc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Ss 


Input HIGH Current 
Input High Current 
Breakdown Test 
Input LOW Current 


Power Supply Current 
(F241, 'F244) 


Power Supply Current 
(F241, 'F244) 


Power Supply Current 
(F241, F244) 


Vcp 
VoH 


a 


Gaal 
mene 
PSB | ma | 
a Ta 
po Ts 
Sop ees [oe 
aL 
eo [gor 
gas 
so 9s LP 
asf 
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— 55°C to + 125°C 
0°C to +70°C 


preelpce0be 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

loo = —3mA 

lon = —12mA 

lon = —3mMA 

lon = —12mA 

lon = —3mA 

lon = —15mA 


lo. = 48 mA 
lo. = 64mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V (OE;, OE2, OE, Dp, (’F240)) 
Vin = 0.5V (Dp (F241, ’F244)) 


Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = Vcc 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
Vo = HIGH 


Vo = LOW 


Vo = HIGHZ 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C nen 
Parameter Voc = +5.0V be aa 2 
C. = 50 pF L P 


Min Typ Max | Min Max | Min Max_| 
Propagation Delay 3.0 5.1 7.0 3.0 9.0 3.0 
Data to Output (’F240) 2.0 3.5 4.7 2.0 6.0 2.0 
Output Enable Time (’F240) 2. 3.5 4.7 2.0 6.5 2.0 
4. 
; , 2 
2 


0 
0 6.9 9.0 4.0 10.5 4.0 
Output Disable Time (’F240) 0 4.0 5.3 2.0 6.5 2.0 
0 6.0 8.0 2.0 12.5 2.0 
Propagation Delay 2.5 4.0 5.2 2.0 6.5 2.5 
Data to Output (’F241, 'F244) 2.5 4.0 5.2 2.0 7.0 2.5 


Output Enable Time 2.0 4.3 5.7 2.0 7.0 2.0 
(F241, 'F244) 2.0 5.4 7.0 2.0 8.5 2.0 


Output Disable Time 2.0 45 6.0 2.0 7.0 2.0 
(F241, F244) 2.0 4.5 6.0 2.0 7.5 2.0 
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545-/74F242 
Quad Bus Transceiver with TRI-STATE® Outputs 


General Description Features 


The ’F242 is a quad bus transmitter/receiver designed for 2-way asynchronous data bus communication 
4-line asynchronous 2-way data communications between _aa_ Input clamp diodes limit high-speed termination effects 
data busses. 


Logic Symbol Connection Diagrams 
IEEE/IEC Pin Assignment Pin Assignment 
for LCC and PCC for DIP, SOIC 
Ay NC Ay NC Ay and Flatpak 
BE 





(4) 5) fe) £7) Ge) 
B, NC By NC NC 
TL/F/9578-1 





TL/F/9576-2 








H = HIGH Voltage Level 

L = LOW Voltage Level 

Z = High Impedance 

N/A = Not Allowed Due to Excessive Currents 
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54F/74F243 
Quad Bus Transceiver with TRI-STATE® Outputs 


General Description Features 


The ’F243 is a quad bus transmitter/receiver designed for ™@ 2-Way asynchronous data bus communication 
4-line asynchronous 2-way data communications between _m Input clamp diodes limit high-speed termination effects 
data busses. 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


Pin Assignment Pin Assignment 
[IEEE/IEC for DIP, SOIC and Flatpak for LCC and PCC 


Ay NC Ay NC Ap 
BHAA) 


4 


TL/F/9502-1 B, NC By NC NC 


TL/F/9502-2 
TL/F/9502-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input IH/Nb 
HIGH/LOW Output Iox/lo. 


Enable Input (Active LOW) 1.0/1.67 20 pA/—1mA 
Enable Input (Active HIGH) 1.0/1.67 20 pA/—1 mA 
Inputs 3.5/2.67 70 pA/—1.6 mA 
Outputs 600/106.6(80) | — 12 mA/64 mA(48 mA) 





H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
N/A = Not Allowed 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input LOW Voltage | 
Input Clamp Diode Voltage 1 


VIH 
VIL 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Vou 


74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input HIGH Current 
Breakdown Test (I/O) 


Input LOW Current 
Output Leakage Current 


54F 10% Vcc 
74F 10% Voc 


li + lozH 
he + loz 
los 

ICEX 


Output Leakage Current 
Output Short-Circuit Current 
Output HIGH Leakage Current 
ICCH Power Supply Current 
IocL Power Supply Current 


locz Power Supply Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lo = —3MA (An, Bn) 
lon = —12 mA (Ap, Bn) 
loH = —3mMA (Ap, Bn) 
lon = —12 mA (Ap, By) 
loH = —3mMA (Ap, Bn) 
lor, = —15 mA (Ap, Ba) 


lo. = 48 mA (Ap, Bp) 
lo. = 64 mA (Ap, Bn) 


VIN = 2.7V 
Vin = 7.0V (Ey, Ea) 


Vin = 5.5V (An, Bn) 


Vin = 0.5V (Ey, Eo) 
Vout = 2.7V (An; Bn) 
Vout = 9.5V (An; Bn) 
Vout = OV (An, Bn) 
Vout = Voc 

Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 


e/3] 3 es |r 
robeapbis fo B-[ EET 





ere 
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AC Electrical ———e See Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
An to Bp, Bp to An 


Output Enable Time 
Ey to Bp, Eo to An 


Output Disable Time 
E, to Bn, Eo to An 


Min 


2.5 
2.5 


2.0 
2.0 


2.0 
2.0 


Ta= — 
Vec = +5.0V 
ee oes = 50 pF 
| Min Typ Max | 
4.0 
4.0 
4.3 
5.8 


4.5 
4.5 
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Tas Vec = Mil 
C. = 50 pF 


Ta, Vcc = Com 
CL = 50 pF 





National | 
Semiconductor 


54F/74F245 


Octal Bidirectional Transceiver with TRI-STATE® Outputs 


General Description 


The ’F245 contains eight non-inverting bidirectional buffers 
with TRI-STATE outputs and is intended for bus-oriented 
applications. Current sinking capability is 24 mA (20 mA Mil) 
at the A ports and 64 mA (48 mA Mil) at the B ports. The 
Transmit/Receive (T/R) input determines the direction of 
data flow through the bidirectional transceiver. Transmit (ac- 
tive HIGH) enables data from A ports to B ports; Receive 
(active LOW) enables data from B ports to A ports. The 
Output Enable input, when HIGH, disables both A and B 
ports by placing them in a High Z condition. 


Ordering Code: see Sections 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


Ap Ay Az As Ag Ag Ag Az 
OE 


T/R 


TL/F/9503-3 


IEEE/IEC 


TL/F/9503-4 


ae 
Mr 


il 


Features 

m@ Non-inverting buffers 

@ Bidirectional data path 

m A outputs sink 24 mA (20 mA Mil) 
a B outputs sink 64 mA (48 mA Mil) 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Ag Ag Ag Az Ap 


AWA E 


‘a 


pl al a 4 4 


| 


4 





(5) 
By Bs By By Bg 
TL/F/9503-2 


TL/F/9503-1 
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Unit Loading/Fan Out: see section 2 ee U.L. definitions 


a ee 
Pin Names Description U.L. Input hy/Iie 
HIGH/LOW Output Ion/loL 


Output Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 


Transmit/Receive Input 1.0/2.0 20 pA/—1.2 mA 
Side A Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE Outputs 150/40(38.3) —-3 mA/24 mA (20 mA) 
Side B Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE Outputs 600/106.6(80) | —12mA/64 mA (48 mA) 


Truth Table 





Bus B Data to Bus A 
Bus A Data to Bus B 
High Z State 

HIGH Voltage Level 


LOW Voltage Level 
Immaterial 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Military —55°C to + 125°C 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io_ (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Commercial 
Supply Voltage 
Military 
Commercial 
—0.5V to +7.0V 
—0.5V to +7.0V 


—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


| InputHiGH Voltage | 20 
| InputLowVotage | 
2.4 


Symbol Parameter 


Vec 


Input Clamp Diode Voltage 


Output HIGH 
Voltage 


54F 10% Vcc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Vcc 
74F 10% Vcc 


V 
74F 10% Voc 


hi Input HIGH Current p20 | Max 

levi Input HIGH Current 
Breakdown Test Be Mas 
Input HIGH Current = 
Breakdown Test (I/O) 

he Input LOW Current p12 | ma_| Max | 


ln + loze | Output Leakage Curent p70 || Max | 
in + loz._| Output Leakage Curent J 050 | HA _| Max | 


los Output Short-Circuit Current —60 —150 Fa | Max 


—100 — 225 
Icex 
Izz Bus Drainage Test | 00 | wa | cov | 
[ PowerSupplyCurent | 7090 | mA | Max 
| PowerSupplyCurent | 95120 | mA | Max 


Power Supply Current 85 110 | oma | Max | 
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IBvit 


IocH 
Ioc 
Iocz 


0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3mA (An) 
lon = —12 mA (By) 
loH = —3 mA (Ap) 
lon = —12 mA (By) 
loyy = 3 MA (Az) 
lo = —15 mA (Bp) 


lo. = 20 mA (Ap) 
lo. = 48mA (Bp) 
lo = 24mA (Ap) 
lo. = 64 mA (B,) 


VIN = 2.7V 
Vin = 7.0V (OE, T/R) 


Vin = 5.5V (An, Bn) 


Vin = 0.5V (T/R, OE) 
Vout = 2.7V (An, Bn) 
Vout = 9.5V (An, Br) 


Vout = OV (An) 
Vout = OV (Bn) 


Vout = Voc (An; Bn) 
Vout = Vcc (An: Bn) 
Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = + 5.0V 


Propagation Delay 2.5 
An to By or By to An 2. 


5 . B - : 
Output Enable Time 3.0 : : 5 
3.5 : A A 10.0 
2.0 ; ; : 
2.0 F ; 


9.0 
10.0 


Output Disable Time 
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National | 
Semiconductor 


54F/74F251A 
8-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 

The ’F251A is a high-speed 8-input digital multiplexer. It pro- | ™@ Multifunctional capability 

vides, in one package, the ability to select one bit of data’) mm On-chip select logic decoding 

from up to eight sources. It can be used as a universal func- sm Inverting and non-inverting TRI-STATE outputs 
tion generator to generate any logic function of four vari- 

ables. Both assertion and negation outputs are provided. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 
ZZNh | 
fe) (5) (4) 


lo Wy te ty ty ts Ig Wy 


TL/F/9504-3 
IEEE/IEC 





on nua kt Wd =~ 


Sp WNC is 


TL/F/9504-1 
TL/F/9504-2 


Nn OO &® WD = CO NY 


TL/F/9504-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input ha/Iie 
HIGH/LOW Output lon/lot 


Select Inputs 1.0/1.0 20 pA/—0.6 mA 


TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Multiplexer Inputs 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Multiplexer Output 150/40 (33.3) | —3 mA/24 mA (20 mA) 
Complementary TRI-STATE Multiplexer Output | 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


This device is a logical implementation of a single-pole, 8- 
position switch with the switch position controlled by the 
state of three Select inputs, So, S1, So. Both assertion and 
negation outputs are provided. The Output Enable input 
(OE) is active LOW. When it is activated, the logic function 
provided at the output is: 
Z= CEe(Ip*SoeS, °So + 14#SpeS;eSo + 
Ip*SoeS1eSo + IgeSg*S1eSo + 
14*SoeS,eSo + I5eSqeS1°So + 
Ig*Sp*S1*So + I7eSoeS4eSz) 
When the Output Enable is HIGH, both outputs are in the 
high impedance (High Z) state. This feature allows multi- 
plexer expansion by tying the outputs of up to 128 devices 
together. When the outputs of the TRI-STATE devices are 
tied together, all but one device must be in the high imped- 
ance state to avoid high currents that would exceed the 


Logic Diagram 


maximum ratings. The Output Enable signals should be de- 
signed to ensure there is no overlap in the active LOW por- 
tion of the enable voltages. 


Truth Table 


IGH Voltage Level 
W Voltage Level 
material 

igh Impedance 


TL/F/9504-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage Pim tea | | 
Input LOW Voltage eee ee ee 
Input Clamp Diode Voltage ta || | 


VIH 
VIL 
Vcp 


VOH Output HIGH 


Voltage 


54F 10% Vcc 
54F 10% Veco 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


54F 10% Voc 
74F 10% Voc 


Input LOW Current 


Output HIGH Leakage Current 


Bus Drainage Test 
Power Supply Current 15 22 | mA | Max | 
Power Supply Current | te ae] mA _| Max | 





ee a ae Max 
Input HIGH Current 

[Seamer | te | | | 
[ inputLowcurent |= 06 | mA _| Max | 
| OutputLeakagecurent | 80] | Max | 


Output Leakage Current P= 80 |_| Max | 
Output Short-Circuit Current —60 —150 | oma | Max | 
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Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


lin = —18mA 


lon = —1mMA 
loo = —3mA 
log = —1mMA 
loo = —3 MA 
loy = —1mA 

= —3mA 


= 20mA 
24mA 


2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
VouT = 0V 

| A | Max | Vout = Voc 
Vout = Vcc 
Vo = LOW 


Vo = HIGH Z 





ViSe 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Min Typ Max | Min Max_| 
Propagation Delay 3.5 6.0 9.0 3.5 11.5 
S, toZ 3.2 5.0 7.5 3.2 8.0 
Propagation Delay 4.5 7.5 10.5 3.5 14.0 
Sp to Z 4.0 6.0 8.5 3.0 10.5 4.0 
Propagation Delay 3.0 5.0 6.5 2.5 8.0 3.0 
IntoZ 1.5 2.5 4.0 1.5 6.0 1.5 


Propagation Delay 3.5 5.0 7.0 2.5 9.0 2.5 
In toZ 3.5 5.5 7.0 3.5 9.0 3.5 


Output Enable Time 2.5 4.3 6.0 2.0 7.0 2.5 
OE toZ 25 4.3 6.0 2.5 7.5 25 


Output Disable Time 2.5 4.0 5.5 2.5 6.0 2.5 
OE to Z 1.5 3.0 4.5 1.5 5.0 1.5 


Output Enable Time 3.5 5.0 7.0 3.0 8.5 3.0 
CE to Z 3.5 5.5 7.5 3.5 9.0 3.5 


Output Disable Time 2.0 3.8 5.5 2.0 5.5 2.0 
OE to Z 1.5 3.0 4.5 1.5 5.5 1.5 


Tas Voc = Mil 
CL = 50 pF 
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54F/74F253 
Dual 4-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 

The ’F253 is a dual 4-input multiplexer with TRI-STATE® = ™ Multifunction capability 

outputs. It can select two bits of data from four sources @ Non-inverting TRI-STATE outputs 
using common select inputs. The output may be individually 

switched to a high impedance state with a HIGH on the 

respective Output Enable (OE) inputs, allowing the outputs 

to interface directly with bus oriented systems. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
OE, loa Ya laa '3a fob Nib top Isp DIP, SOIC and Flatpak for LCC and PCC 


loa Na NC loa I3q 
[6] 


TL/F/9505~3 





on DOD ner WD = 


i 1) fe (2 


Nb lap NC I34 So 
TL/F/9505-1 
TL/F/Y¥505-2 


TL/F/9505-5 
Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input liW/he 
HIGH/LOW Output IoH/loL 


Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA 


Side B Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Common Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Side A Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Outputs 150/40(33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


This device contains two identical 4-input multiplexers with 
TRI-STATE outputs. They select two bits from four sources 
selected by common Select inputs (Sp, S;). The 4-input mul- 
tiplexers have individual Output Enable (OE,, OE,) inputs 
which, when HIGH, force the outputs to a high impedance 
(High Z) state. This device is the logic implementation of a 
2-pole, 4-position switch, where the position of the switch is 
determined by the logic levels supplied to the two select 
inputs. The logic equations for the outputs are shown below: 
Za = OE, ® (loa * Sy ¢ So + Iya @ Sy @ Sq + 
loa ® Sy © So + Igq © Sy © So) 
Zp = OEb * (lop * Sy * So + Iyp © Sy @ So + 
lap * Sy * Sq + lap © Sy © So) 


Truth Table 


If the outputs of TRI-STATE devices are tied together, all 
but one device must be in the high impedance state to avoid 
high currents that would exceed the maximum ratings. De- 
signers should ensure that Output Enable signals to TRI- 
STATE devices whose outputs are tied together are de- 
signed so that there is no overlap. 


Select Output 
| fis |_—_etatmnte | abs | ute 


X X 
L L 
L H 
H X 
H X 
L X 
L X 
H Xx 
H Xx 


<xx< IK KKK 


IrKK-K KK KK 
Creoel 
CIrn 


[ee ee ee 
Ii-r-ret 


Address inputs Sp and S are common to both sections. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Logic Diagram 


Y VY 


VARY, 


ee 


aah 


Zp 


aay J 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Veco 
—0.5V to + 5.5V 


DC Electrical Characteristics 


ViH 
VIL 
Vep 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Vcc 
Voltage 54F 10% Voc 
74F 10% Voc 


VoH 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Leakage Current 


54F 10% Voc 
74F 10% Voc 


Ne 
lozH 
Output Leakage Current 
Output Short-Circuit Current 


lozt 
los 

ICEx Output HIGH Leakage Current 
Izz Bus Drainage Test 
ICCH Power Supply Current 


locL Power Supply Current 


locz Power Supply Current 


input HIGH Voltage eg oa 





= 
— 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


8 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mA 
lon = —3mMA 
log = —1mA 
log = —3mMA 
loH = —1 mA 
lon = —3mA 


lol = 20 mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
VouT = 2.7V 
Vout = 0.5V 


Vout = OV 
Vout = OV 


Vout = Vcc 


° 
° 
< 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


3 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 


Ta; Vec = Mil 
C. = 50 pF 


Propagation Delay 4.5 8.5 : 3.5 15.0 
Sy to Zp 3.0 6.5 9.0 2.5 11.0 


Propagation Delay 
In to Zp 2. 


5 4.5 6.0 2.5 8.0 2.5 

Output Enable Time 3.0 6.0 8.0 2.5 10.0 3.0 
3.0 6.0 8.0 2.5 10.0 3.0 

Output Disable Time 2.0 3.7 5.0 2.0 6.5 2.0 
2.0 4.4 6.0 2.0 8.0 2.0 
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National 
Semiconductor 


54F/74F256 


Dual 4-Bit Addressable Latch 


General Description 


The 'F256 dual addressable latch has four distinct modes of 
operation which are selectable by controlling the Clear and 
Enable inputs (see Function Table). In the addressable latch 
mode, data at the Data (D) inputs is written into the ad- 
dressed latches. The addressed latches will follow the Data 
input with all unaddressed latches remaining in their previ- 
ous states. 


In the memory mode, all latches remain in their previous 
states and are unaffected by the Data or Address inputs. To 
eliminate the possibility of entering erroneous data in the 
latches, the enable should be held HIGH (inactive) while the 
address lines are changing. In the dual 1-of-4 decoding or 
demultiplexing mode (MR = E = LOW), addressed outputs 
will follow the level of the D inputs with all other outputs 
LOW. In the clear mode, all outputs are LOW and unaffect- 
ed by the Address and Data inputs. 


Logic Symbols 


Ao 





TL/F/9506-3 


IEEE/IEC 


aon ouwrkr WD 


TL/F/9506-5 


Pin Assignment 
for DIP, SOIC and Flatpak 


ADVANCED INFORMATION 


Features 

m= Combines dual demultiplexer and 8-bit latch 
Serial-to-paralle! capability 
Output from each storage bit available 
Random (addressable) data entry 
Easily expandable 
Common clear input 
Useful as dual 1-of-4 active HIGH decoder 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


09q01_ NC Qo, Dy 
16 BOOB 
15 a uaa &@ 
14 
13 
12 
11 
10 io 
? bo 

Qo, Qx,NC D, E 





TL/F/: - 
Bo aie TL/F/9506-2 
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256 


Mode Select-Function Table 
Operating Outputs 
Mode 


Master Reset 


Demultiplex 
(Active HIGH 
Decoder 
when D = H) 


Store 
(Do Nothing) 


Addressable 
Latch 


HIGH Voltage Level Steady State 
LOW Voltage Level Steady State 


Immaterial 
HIGH or LOW Data one setup time prior to the LOW-to-HIGH Enable transition 
Lower case letters indicate the state of the referenced output established during the last cycle in which it was addressed or cleared. 


aaxrr 
uonaeug 


Logic Diagram 


eS | 


ine eae 


ee i a 


oa Ore 
TL/F/9506-4 


JDYTUOUUY 





Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F257A 
Quad 2-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 


The 'F257A is a quad 2-input multiplexer with TRISTATE ™ Multiplexer expansion by tying outputs together 
outputs. Four bits of data from two sources can be selected mm Non-inverting TRI-STATE outputs 

using a Common Data Select input. The four outputs pres- @ Input clamp diodes limit high-speed termination effects 
ent the selected data in true (non-inverted) form. The out- 

puts may be switched to a high impedance state with a 

HIGH on the common Output Enable (OE) input, allowing 

the outputs to interface directly with bus-oriented systems. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


Ib fob NC Za he 
ENR ay EE] 
a-h- 6°88 


loa We lob Nb oe Ne bod Ita 


TL/F/9507-3 





On On MN ek WD —* 


TP PP 
og Z, NC Ke bie 


/ 7- 
Eee TL/F/9507-2 


c 


TL/F/9507~5 


Unit Loading/Fan Out: see Section 2 for UL. [ee 


| sar7ae 
Description ULL. Input ha/lie 
HIGH/LOW Output Ion/loL 


Common Data Select Input 1.0/1.0 20 pA/-—0.6 mA 


TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 0 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Multiplexer Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The ’F257A is a quad 2-input multiplexer with TRI-STATE 
outputs. It selects four bits of data from two sources under 
control of a Common Data Select input. When the Select 
input is LOW, the Io, inputs are selected and when Select is 
HIGH, the 1, inputs are selected. The data on the selected 
inputs appears at the outputs in true (non-inverted) form. 
The device is the logic implementation of a 4-pole, 2-posi- 
tion switch where the position of the switch is determined by 
the logic levels supplied to the Select input. The logic equa- 
tion for the outputs is shown below: 
Zn = OE ® (In@ S + lon? S) 

When the Output Enable input (OE) is HIGH, the outputs are 
forced to a high impedance OFF state. If the outputs are 
tied together, all but one device must be in the high imped- 
ance state to avoid high currents that would exceed the 
maximum ratings. Designers should ensure the Output En- 
able signals to TRI-STATE devices whose outputs are tied 
together are designed so there is no overlap. 


Truth Table 


H 
L 
Xx 
Zz 


= HIGH Voltage Level 
LOW Voltage Level 
Immaterial 
High Impedance 


Data 
Inputs 


TL/F/9507-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter sae 
Min Typ Max 


ViH 
VIL 


Vep 


VoH Output HIGH 


Voltage 


54F 10% Vcc 2.5 
54F 10% Vcc 


74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 


54F 10% Voc 
74F 10% Voc 


lozH Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 


Output HIGH Leakage Current 


loz 
los 

ICEX 
lzz Bus Drainage Test 
IocH Power Supply Current 
loci Power Supply Current 


Power Supply Current 


Iccz 


Voc 
Input HIGH Voltage W780> Meio, 3 
Input LOW Voltage a Se eee 
Input Clamp Diode Voltage Pte |v Min 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial! 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4,5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA 
lon = —3 mA 
lon = —1 mA 
lon = —3mA 
lon = —1mMA 
lon = —3 mA 


lo. = 20mA 
lo. = 24mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Vcc 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
In to Zp, 


Propagation Delay 
StoZp, 2. 


5 

Output Enable Time 2.0 
2.5 

Output Disable Time 2.0 
2.0 


Ta = +25°C 
Vec = +5.0V 
C. = 50 pF 


10.1 
6.5 


5.9 
§.5 


4.3 
4.5 


7.0 


6.0 
7.0 


6.0 
6.0 
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Ta; Vec = Mil 
C._ = 50 pF 


2.5 


2.0 
2.5 


2.0 
2.0 


11.5 
9.0 


8.0 
9.0 


7.0 
8.5 


2.5 


2.0 
2.5 


2.0 
2.0 
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54F/74F258A 
Quad 2-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 


The ’F258A is a quad 2-input multiplexer with TRISTATE = Multiplexer expansion by tying outputs together 
outputs. Four bits of data from two sources can be selected mw Inverting TRI-STATE outputs 

using a common data select input. The four outputs present 

the selected data in the complement (inverted) form. The 

outputs may be switched to a high impedance state with a 

HIGH on the common Output Enable (OE) input, allowing 

the outputs to interface directly with bus-oriented systems. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


Nib lob NC Zq Ite 
BOO}! 
fae es 


loa Na lob Nb loc Ne log Ite 


TL/F/9508~3 


IEEE/IEC 


5,888 
15} fe) 
. lod Ze NC Ne be 
Ss TL/F/9508-1 


EN 
GI 


aon Om ne Ww DH 


TL/F/9508-2 


TL/F/9508~-5 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description U.L. Input Iiy/lie 
HIGH/LOW Output Ion/loL 


Common Data Select Input 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 0 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Inverting Data Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The 'F258A is a quad 2-input multiplexer with TRI-STATE 
outputs. It selects four bits of data from two sources under 
control of a common Select input (S). When the Select input 
is LOW, the Io, inputs are selected and when Select is 
HIGH, the Ij, inputs are selected. The data on the selected 
inputs appears at the outputs in inverted form. The 'F258A 
is the logic implementation of a 4-pole, 2-position switch 
where the position of the switch is determined by the logic 
levels supplied to the Select input. The logic equation for 
the outputs is shown below: 


Zn = OE ® (lin? S + lon? S) 
Truth Table 


Output Data 
Enable Inputs 


Logic Diagram 


When the Output Enable input (OE) is HIGH, the outputs are 
forced to a high impedance OFF state. If the outputs of the 
TRI-STATE devices are tied together, all but one device 
must be in the high impedance state to avoid high currents 
that would exceed the maximum ratings. Designers should 
ensure that Output Enable signals to TRI-STATE devices 
whose outputs are tied together are designed so there is no 
overlap. 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


NxXCrX 
ieouou oq 


TL/F/9508-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter EEE Vcc 
Min Typ Max 


| inputHiGH Voltage | 20 | | 
ae Se ae 


ViH 
VIL. 
Vcp 
VoH 


Input LOW Voltage 


Output HIGH 
Voltage 


54F 10% Voc 2.5 
54F 10% Vcc 


74F 10% Voc 


74F 10% Voc 
74F 5% Voo 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


input HIGH Current 


| nA | Max 

ee 
Breakdown Test 7 

p06 | mA | Max | 


lie Input LOW Current 


loZH 
loz 


Output Short-Circuit Current 
Output HIGH Leakage Current 
Bus Drainage Test 


los 
ICEX 
Izz 
ICCH 


Power Supply Current 
Power Supply Current 


loc 
lccz 


Input Clamp Diode Voltage | 42 | OV | Min 





Output Leakage Current p80 | Max 
Output Leakage Current p80 | A | Max | 


| -60 =150 |_ma_| 
p80 |_| 
| 5st 23 | ma 
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Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = ~3mMA 
lon = —1mA 
lon = —3mA 
low ~ —1imA 
lon = —3mA 


lo. = 20mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


m Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = Voc 
0.0V Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 





vese 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C = : 
Parameter Veco = +5.0V ‘- ce i 
C. = 50 pF bee 


Propagation Delay 
In to Zp, 
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National ADVANCED INFORMATION 
Semiconductor 


54F/74F259 
8-Bit Addressable Latch 


General Description Features 


The 'F259 is a high-speed 8-bit addressable latch designed ™ Serial-to-serial conversion 

for general purpose storage applications in digital systems. m Eight bits of storage with output of each bit available 
It is a multifunctional device capable of storing single line m Random (addressable) data entry 

data in eight addressable latches, and also a 1-of-8 decoder Active high demultiplexing or decoding capability 
and demultiplexer with active HIGH outputs. The device Common clear 

also incorporates an active LOW Common Clear for reset- 

ting all latches, as well as an active LOW Enable. It is func- 

tionally identical to the 9334 and 93L34 8-bit addresssable 

latch. 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Qy Q; NC Q_ A, 


TL/F/9509-1 





an oauwnr wen =~ 


1 3 oa) 
Qg Q,NC DE 


IEEE/IEC 


TL/F/9509-2 TL/F/9509-3 


Qs 
Qs, 
Q, 


TL/F/9509~-4 
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259 


Logic Diagram 


in 


He 


IN 


TL/F/9509-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F269 
8-Bit Bidirectional Binary Counter 


General Description 


The ’F269 is a fully synchronous 8-stage up/down counter 
featuring a preset capability for programmable operation, 
carry lookahead for easy cascading and a U/D input to con- 
trol the direction of counting. All state changes, whether in 
counting or parallel loading, are initiated by the rising edge 
of the clock. 


Ordering Code: see Sections 


Logic Symbols 


Features 

m@ Synchronous counting and loading 
m@ Built-in lookahead carry capability 
m Count frequency 100 MHz 

@ Supply current 113 mA typ 

@ 300 mil slimline package 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Po Py Pa Ps Pg Ps Py Py 


CP Ag Qy Q, Q3 Qy Qs Oe Q7 
TL/F/9510~1 


IEEE/IEC 
CTR DIV 256 


L 


Qy Q; Qo NCU/D PE Py 
HOOAOeS) 


TL/F/9510-3 


TL/F/9510-2 
Function Table 


Parallel Load All 
Flip-Flops 

Hold 

Hold (TC Held HIGH) 
Count Up 

Count Down 


H = HIGH Voltage Level 
= LOW Voltage Level 


X = Immaterial 


1703S 


TL/F/9510-4 


Transition LOW-to-HIGH 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Pin Names Description ULL. Input tyy/ i 
HIGH/LOW | Output lon/loL 


Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Parallel Enable Input (Active LOW) 1.0/1.0 20 wA/—-0.6 mA 
Up-Down Count Control Input 1.0/1.0 20 pA/—0.6 mA 
Count Enable Parallel Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Count Enable Trickle Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Clock Input 1.0/1.0 20 pA/—0.6 mA 
Terminal Count Output (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Flip-Flop Outputs 50/33.3 —1mA/20 mA 


Logic Diagram 


CET 


= 
Ie 
=: 
[Ee 
i= 


TL/F/9510-6 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Veo 


Breakdown Test 


Output HIGH Leakage Current 
Power Supply Current 


Vcpb 
VoH 


Voltage 





VoL 


IcEX 
IocH 
loc 


54F/74F 


my 
“oo 


Power Supply Current ee eo 


4-221 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°c to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —imA 
lon = —1mA 
lon = —1mMA 


lo. = 20mA 
lo. — 20 mA 


VIN = 2.7V 
Vin = 7.0V 


= 
0.5 
[= 
| mA_| 0.5V 
| ma | ov 
o | HA 

5 | ma | 


Vin = 
— 150 VouT = 
Vout = Vcc 
Vo = HIGH 


Vo = LOW 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


ee ane ee se BT 
Ta = +25°C _ - 
Parameter Voc = +5.0V Es oc = nh Nee 50 os i 
C, = 50 pF er eee 
Min Typ Max | Min Max | Min Max | 


Maximum@lock Frequency | 100 || 88M | 


Propagation Delay 3.5 8.0 3.5 9.0 
CP to Q, (Count-Up) 45 10.5 4. 11.0 


5 
Propagation Delay : 9.5 3.5 10.0 
U/D to TC : 9.5 4.5 11.0 
Propagation Delay : 9.0 3.5 10.5 
CET to TC : i 3.0 11.5 


Propagation Delay . A 4.5 


CP to TC : F 4.5 


Propagation Delay P F 3.5 
CP to Qn (Count-Down) ; F 4.5 


Propagation Delay : Y 3.5 
CP to Q, (Load) 


Ta = +25°C 
Vec = +5.0V 


Setup Time, HIGH or LOW 

Data to CP 

Hold Time, HIGH or LOW 1 
Data to CP 1. 


Setup Time, HIGH or LOW 
PE to CP 


Hold Time, HIGH or LOW ce 


Parameter Ta, Vcc = Mil Ta, Voc = Com 


PE to CP 


0 
0 
Setup Time, HIGH or LOW 6.0 
CET or CEP to CP 8.0 
Hold Time, HIGH or LOW fe 


CET or CEP to CP 
Clock Pulse Width, HIGH or LOW 


Setup Time, HIGH or LOW 
U/D to CP 


Hold Time, HIGH or LOW 0.0 0.0 
U/D to CP 0.0 0.0 
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54F/74F273 
Octal D Flip-Flop 


General Description 

The ’F273 has eight edge-triggered D-type flip-flops with in- 
dividual D inputs and Q outputs. The common buffered 
Clock (CP) and Master Reset (MR) inputs load and reset 
(clear) all flip-flops simultaneously. 


The register is fully edge-triggered. The state of each D in- 
put, one setup time before the LOW-to-HIGH clock tran- 
sition, is transferred to the corresponding flip-flop’s Q out- 
put. 

All outputs will be forced LOW independently of Clock or 
Data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the Clock and Master Reset are common to all 
storage elements. 


Logic Symbols 


Do Dy Dz Os Dy D5 Dg Dy 


Qy Q; Q2 Qs Qy Os Og Q7 





TL/F/9511-3 


IEEE/IEC 


oan Oo nem wn ~ 


= 
o 


TL/F/9511-5 


Pin Assignment for 
DIP, SOIC and Flatpak 


ADVANCED INFORMATION 


Features 

m Ideal buffer for MOS microprocessor or memory 
a Eight edge-triggered D flip-flops 

m@ Buffered common clock 

m™ Buffered, asynchronous Master Reset 

@ See ’F377 for clock enable version 

mw See 'F377 for transparent latch version 

m See ’F374 for TRI-STATE® version 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 
Ds Dp Q Q D, 
(6) (5) 

anne 





(15) (fe) 
D5 Q5 Q Dg Dy 
TL/F/9511-2 


TL/F/9511-1 
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Mode Select-Function Table 


H = HIGH Voltage Level steady state 
Operating Mode h = HIGH Voltage Level one setup time prior to the LOW-to-HIGH clock 
transition 
L = LOW Voltage Level steady state 


Reset (Clear) | = LOW Voltage Level one setup time prior to the LOW-to-HIGH clock 
Fe2 transition 


~~ = LOW-to-HIGH clock transition 


Logic Diagram 


TL/F/9511-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F280 


9-Bit Parity Generator/Checker 


General Description 


The ’F280 is a high-speed parity generator/checker that ac- 
cepts nine bits of input data and detects whether an even or 
an odd number of these inputs is HIGH. If an even number 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


lp y lo Iz \4 Ig Ig \7 lg 


TL/F/9512~3 


IEEE/IEC 


>) 


|__| 


TL/F/9512-5 





of inputs is HIGH, the Sum Even output is HIGH. If an odd 
number is HIGH, the Sum Even output is LOW. The Sum 
Odd output is the complement of the Sum Even output. 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Z_NC Ig NC NC 
ES ea SES) 
se 


14 


TL/F/9512~1 b NC lg NC l, 


TL/F/9512-2 


Unit Loading/Fan Out: See Section 2 for U.L. definitions 


Data Inputs 
Odd Parity Output 
Even Parity Output 


ULL. 
HIGH/LOW 


1.0/1.0 
50/33.3 
50/33.3 


54F/74F 


Input lyy/tie 
Output Ion/lot 


20 pA/—0.6 mA 


—1mA/20 mA 
—1mA/20 mA 
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Truth Table 


Number of 
HIGH Inputs 
Io-lg 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Logic Diagram 


Ig U] \g 


Y YY V 


loco 


== == 
viiviiy|) vilvily|) _yvilylly 


SU ERY HE 


ns me: 
= et 


oo Hee 


Xo 2 
TL/F/9512-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
(f Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Veco = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


54F/74F 
Typ 


Parameter 


Input HIGH Voltage 


Symbol 
Min 


Le) 
Oo 


VIH 


VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Vep 
Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Vc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Veo 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 
-Circui —60 


VoH 


Voltage 





i 
g 
< 


yn 

a en 2 Be ©) 
oo | 
ma =r 
io 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mMA 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lo. = 20 mA 
lor = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


De) 
° 
4 
> 


= 
> 


Vin = 0.5V 
Vout = OV 


Nn 
oO 


Vout = Vcc 
Vo = HIGH 


aw 
@ 
rs) 
x 





082 





280 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 


Propagation Delay 
In to zo 


Min 


6.5 
6.5 


6.0 
6.5 


Ta = +25°C 
Vec = +5.0V 
C, = 50pF 
Typ 


10.0 
11.0 


10.0 
11.0 


Max 


15.0 
16.0 


15.0 
16.0 
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Ta: Voc = Mil 
C, = 50 pF 


6.5 
6.5 


6.0 
6.5 


20.0 
21.0 


20.0 
21.0 


6.5 
6.5 


6.0 
6.5 





€82 


National © 
Semiconductor 


54F/74F283 
4-Bit Binary Full Adder with Fast Carry 


General Description 


The ’F283 high-speed 4-bit binary full adder with internal outputs (Sg—Sg) and the Carry output (C4) from the most 
carry lookahead accepts two 4-bit binary words (Ap-A3, __ significant bit. The ’F283 will operate with either active 
Bo-Bg) and a Carry input (Co). It generates the binary Sum _—_ HIGH or active LOW operands (positive or negative logic). 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


By Ay NC So Ay 
BW 4) 
a et ed 


Ag Bo Ay By Ag Bg Az Bz 


TL/F/9513~1 





IEEE/IEC 


an ononrrk WAH = 


a 
Bo 
Bs As NC S Ap 


TL/F/9513-2 TL/F/9513-3 


TL/F/9513-4 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input tya/te 
HIGH/LOW Output Ion/lor 


A Operand Inputs 1.0/2.0 20 pA/—1.2 mA 
B Operand Inputs 1.0/2.0 20 pA/—1.2 mA 
Carry Input 1.0/1.0 20 pA/—0.6 mA 
Sum Outputs 50/33.3 —1mA/20 mA 
Carry Output 50/33.3 —1mA/20 mA 





4-229 


283 


Functional Description 
The ’F283 adds two 4-bit binary words (A plus B) plus the 
incoming Carry (Co). The binary sum appears on the Sum 
(Sg~—S3) and outgoing carry (C4) outputs. The binary weight 
of the various inputs and outputs is indicated by the sub- 
script numbers, representing powers of two. 

20 (Ap + Bo + Co) + 21 (Ay + By) 

+ 22 (Ao + Bo) + 23 (Ag + Bs) 
= So + 28; + 4So + 8S3 + 16C, 
Where (+) = plus 

Interchanging inputs of equal weight does not affect the op- 
eration. Thus Co, Ap, Bo can be arbitrarily assigned to pins 
5, 6 and 7 for DIPS, and 7, 8 and 9 for chip carrier packages. 
Due to the symmetry of the binary add function, the 'F283 
can be used either with all inputs and outputs active HIGH 
(positive logic) or with all inputs and outputs active LOW 
(negative logic). See Figure 7. Note that if Co is not used it 
must be tied LOW for active HIGH logic or tied HIGH for 
active LOW logic. 


Due to pin limitations, the intermediate carries of the ’F283 
are not brought out for use as inputs or outputs. However, 


other means can be used to effectively insert a carry into, or 
bring a carry out from, an intermediate stage. Figure 2 
shows how to make a 3-bit adder. Tying the operand inputs 
of the fourth adder (A3, B3) LOW makes S3 dependent only 
on, and equal to, the carry from the third adder. Using some- 
what the same principle, Figure 3 shows a way of dividing 
the ’F283 into a 2-bit and a 1-bit adder. The third stage 
adder (Ao, Bo, So) is used merely as a means of getting a 
carry (C49) signal into the fourth stage (via Ap and Bo) and 
bringing out the carry from the second stage on So. Note 
that as long as Ap and Bo are the same, whether HIGH or 
LOW, they do not influence So. Similarly, when Ao and Bo 
are the same the carry into the third stage does not influ- 
ence the carry out of the third stage. Figure 4 shows a meth- 
od of implementing a 5-input encoder, where the inputs are 
equally weighted. The outputs So, S; and So present a bina- 
ry number equal to the number of inputs |4—-I5 that are true. 
Figure 5 shows one method of implementing a 5-input ma- 
jority gate. When three or more of the inputs I,-I5 are true, 
the output Ms is true. 


[Go | Ao ae /Bo B: Bz Bs | So Si Sr Ss | Cs 
togetews | of En bi L 





Aw bt tw He eda 
Active HIGH 0 1 1 1 0 0 1 
Active LOW ; 1 0 0 0 1 1 0 


Active HIGH:0 + 10+ 9=3+ 16 


Active LOW: 1 +5+6=12+0 


FIGURE 1. Active HIGH versus Active LOW Interpretation 


TL/F/9513-5 
FIGURE 2. 3-Bit Adder 


TL/F/9513-7 


FIGURE 4. 5-Input Encoder 
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TL/F/9513-6 
FIGURE 3. 2-Bit and 1-Bit Adders 


TL/F/9513-8 
FIGURE 5. 5-Input Majority Gate 





Logic Diagram 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Viq__| Input HIGH Voltage ee 


VIL Input LOW Voltage 


InputClamp DiodeVoltage | 1.2 |v | Min 


OutputHIGH 54F10% Voc | 2.5 
74F 10% Voc : 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Output HIGH Leakage Current 


Power Supply Current | se 85 | ma | Max | 
Power Supply Current | a6 85 | ma | Max | 


Input HIGH Current a arate 
Input HIGH Current 


Output Short-Circuit Current —60 —150 | ma | Max | 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—5§°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Payee lt al Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mMA 


lo. = 20mA 
lo. = 20 mA 


Vin = 2.7V 
Vin = 7.0V 


VIN = 0.5V (Co) 
Vin = 0.5V (An, Br) 
Vout = 0V 

| uA | Max | Vout = Voo 
Vo = HIGH 


Vo = LOW 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C. = 50 pF 


I Typ Max 


M 
Propagation Delay 3. 7.0 9.5 3.5 3.5 
Co to Sa 3. 


n 

5 

0 7.0 9.5 3.0 3.0 
Propagation Delay 3.0 7.0 9.5 3.0 3.0 


An or Bp to Sp 3.0 7.0 9.5 3.0 3.0 


Propagation Delay 3.0 5.7 7.5 3.0 3.0 
Co to C4 3.0 5.4 7.0 2.5 3.0 


Propagation Delay 3.0 5.7 7.5 3.0 3.0 
An OF By to C4 2.5 5.3 7.0 2.5 2.5 


Ta; Vec = Mil 
C, = 50 pF 
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National | 
Semiconductor 


54F/74F298 


ADVANCED INFORMATION 


Quad 2-Input Multiplexer with Storage 


General Description 


This device is a high-speed multiplexer with storage. It se- 
lects four bits of data from two sources (Ports) under the 
contro! of a common Select input (S). The selected data is 
transferred to the 4-bit output register synchronous with the 
HIGH-to-LOW transition of the Clock input (CP). The 


Logic Symbols 


4-bit register is fully edge triggered. The Data inputs (Io and 
t4) and Select input (S) must be stable only one setup time 
prior to the HIGH-to-LOW transition of the clock for predict- 
able operation. 


Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


hd Me NC lop low 
BOE E) 
7 as 8: 


on Dn nr WH 


TL/F/9514-4 


Yon Ha lob Nib loc Ne lod Na 


TL/F/9514-1 


Logic Diagram 





a8 .88 
CP Qy NC Q, Q, 


a noe TL/F/9514-3 


TL/F/9514-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F299 Octal Universal Shift/Storage Register 
with Common Parallel I/O Pins 


General Description 


The ’F299 is an 8-bit universal shift/storage register with 
TRI-STATE® outputs. Four modes of operation are possi- 
ble: hold (store), shift left, shift right and load data. The par- 
allel load inputs and flip-flop outputs are multiplexed to re- 
duce the total number of package pins. Additional outputs, 
Qo-Q7, are provided to allow easy serial cascading. A sep- 
arate active LOW Master Reset is used to reset the register. 


Ordering Code: See Sections 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


OPMR 9 1/09 1/04 1/02 1/05 1/04 1/05 1/0¢ 1/07 


TL/F/9515-1 


IEEE/IEC 


oan Dn ark wh = 


TL/F/9515-4 


Features 

m Common parallel [/O for reduced pin count 

m Additional serial inputs and outputs for expansion 

m Four operating modes: shift left, shift right, load and 
store 

gm TRI-STATE outputs for bus-oriented applications 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Qp 1/09 1/01/04 1/0, 
(8) 7 (6) (5) (4) 
ted ed hed hed 





LALA 
1/05 1/01/07 Oy 0S; 


TL/F/9515~-3 


11F=DSp 


TL/F/9515-2 
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Unit Loading/Fan Out: sce Section 2 for U.L. definitions 


54F/74F 


U.L. Input tyy4/Ti 
HIGH/LOW Output Ion/loL 


Pin Names Description 


Clock Pulse Input (Active Rising Edge) 
Serial Data Input for Right Shift 

Serial Data Input for Left Shift 

Mode Select Inputs 


Asynchronous Master Reset Input (Active LOW) 
TRI-STATE Output Enable Inputs (Active LOW) 


Parallel Data Inputs or 
TRI-STATE Parallel Outputs 
Serial Outputs 


Functional Description 


The ’F299 contains eight edge-triggered D-type flip-flops 
and the interstage logic necessary to perform synchronous 
shift left, shift right, parallel load and hold operations. The 
type of operation is determined by Sg and Sj, as shown in 
the Mode Select Table. All flip-flop outputs are brought out 
through TRI-STATE buffers to separate I/O pins that also 
serve as data inputs in the parallel load mode. Qo and Q7 
are also brought out on other pins for expansion in serial 
shifting of longer words. 


A LOW signal on MR overrides the Select and CP inputs 
and resets the flip-flops. All other state changes are initiated 
by the rising edge of the clock. Inputs can change when the 
clock is in either state provided only that the recommended 
setup and hold times, relative to the rising edge of CP, are 
observed. 


150/40(33.3) 
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1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
3.5/1.083 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—1.2mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

70 pA/—0.65 mA 
—3 mA/24 mA (20 mA) 


50/33.3 —1mA/20 mA 


A HIGH signal on either OE; or OE» disables the TRI- 
STATE buffers and puts the !/O pins in the high impedance 
state. In this condition the shift, hold, load and reset opera- 
tions can still occur. The TRI-STATE outputs are also dis- 
abled by HIGH signals on both Sg and Sj in preparation for 
a parallel load operation. 


Mode Select Table 


a 


Asynchronous Reset; Q9-Q7 = LOW 
Parallel Load; 1/On — Qpy 
Shift Right; DSg —> Qo,Qo — Qj, etc. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

~Y = LOW-to-HIGH Clock Transition 





Logic Diagram 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the Nationa! Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 


Vcc Pin Potential to 


Ground Pin —0.5V to + 7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) ~—30 mAto +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter at So 
Min Typ Max 


Input HIGH Voltage 200 


VIH 
Vit Input LOW Voltage 


Input Clamp Diode Voltage 


54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Vep 
Vou 


74F 5% Voc 


5410% Voc 
74 10% Voc 
74.10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 


Ipvi 





Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


—0.5V to Voc 
—0.5V to + 5.5V 


twice the rated Io, (mA) 


Recommended Operating 
Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


ra 
i?) 
QO 


= Recognized as a HIGH Signal 
el Recognized as a LOW Signal 


Vv | Min [lin = —18mA 


lon = —3 mA (I/Op) 

lon = —1mA (Qo, Q7, I/On) 

lon = —3 mA (I/Op) 

lon = —1mMA (Qo, Q7, I/On) 

lon = —3 mA (I/Op) 

lo. = 20 mA 

lo. = 20 mA (Qo, Q7) 

lo. = 24 mA (I/O,) 

Vin = 2.7V (CP, DSo, DS7, So, Si, 
MR, Oj, OE2) 

Vin = 7.0V (CP, DSo, DS7, Sp, $1, 
MR, OE, OE2) 


hae 


@ 
x 


Ipvir {Input HIGH Current 1.0 | mA Vin = 5.5V (I/Op) 
Breakdown Test (I/O) . 
lie Input LOW Current —0.6 co Vin = 0.5V (CP, DSq, DS7, MR, 
—1.2 Vin = 0.5V (So, $+) 


lyst 
lozH 
lit 
loz 
los 

IceX 
loz Bus Drainage Test 


Power Supply Current 


ICcH 
loc 
locz 


68 95 


Power Supply Current 68 95 | ma {Max 
Power Supply Current 68 95 | mA |Max Vo = HIGHZ 


Output Leakage Current Vio = 2.7V (I/O) 
Output Leakage Current | 080) ax Vio = 0.5V (I/Op) 


Output Short-Circuit Current |—60 — —150| mA | Max]Vout = 0V 
Output HIGH Leakage Current | 250. | pa [Max 


Vout = Vcc 
Vout = Voc 
Vo = HIGH 
Vo = LOW 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


ee ae 
Ta =. +25°C = = 
Parameter Vec = +5.0V p= eee = ben 50 ae 
C, = 50 pF sme aad 
Min Typ Max | Min Max | Min Max 


Maximum Input Frequency 70 10 


0 eee! 
Propagation Delay 4.0 7.0 9.0 4.0 10.0 
CP to Qo or Q7 3.5 6.5 8.5 3.5 9.5 


Propagation Delay 4.0 7.0 9.0 4.0 10.0 


CP to l/On 5.0 8.5 
Propagation Delay 

MR to Qo or Q7 4.5 7.5 9.5 
Propagation Delay 

MA to I/O, 6.5 11.0 14.0 
Output Enable Time 3.5 6.0 8.0 


OE to I/O, 4.0 7.0 10.0 


Output Disable Time 2.5 4.5 6.0 
OE to 1/O, 2.0 4.0 5.5 


11.0 12.0 





Ta = +25°C 
Vec = +5.0V 


Setup Time, HIGH or LOW 8.5 8.5 
So or Sy to CP 8.5 8.5 


Parameter Ta, Vcc = Mil Ta, Vcc = Com 


Hold Time, HIGH or LOW 
So or S; to CP 


Setup Time, HIGH or LOW 

1/On, DSo or DS7 to CP 

Hold Time, HIGH or LOW 2.0 

1/On, DS or DS7 to CP 2.0 

CP Pulse Width 7.0 7.0 

HIGH or LOW 7.0 7.0 

MAPusewiathtow | 70 = {| | os 
RecoveryTime,MRtocp | 70 | | ons | 
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54F/74F322 


Octal Serial/Parallel Register with Sign Extend 


General Description 


The 'F322 is an 8-bit shift register with provision for either 
serial or parallel loading and with TRI-STATE® parallel out- 
puts plus a bi-state serial output. Parallel data inputs and 
parallel outputs are multiplexed to minimize pin count. State 
changes are initiated by the rising edge of the clock. Four 
synchronous modes of operation are possible: hold (store), 
shift right with serial entry, shift right with sign extend and 
parallel load. An asynchronous Master Reset (MR) input 
overrides clocked operation and clears the register. 


Ordering Code: see Sections 


Logic Symbols 


TL/F/9516-3 


oon rnwenrwn = 


IEEE/IEC 


o 


ad R 
Bay 2EN15 
Dd G3 
3M1(SHIFT) 
bal 3M2(PAR LOAD) 


Q% 
TL/F/9516-5 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 

@ Multiplexed parallel |/O ports 

g Separate serial input and output 

wm Sign extend function 

mw TRI-STATE outputs for bus applications 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


OE 1/0; 1/031/0s 1/07 
AOE 





a8 
w 
1/0 1/04 1/0g D, SE 


TL/F/9516-2 


TL/F/9516-1 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


ULL. Input lya/tie 
HIGH/LOW Output Ion/lot 


Description 


Register Enable Input (Active LOW) 


Serial (HIGH) or Parallel (LOW) Mode Control Input 


Sign Extend Input (Active LOW) 

Serial Data Select Input 

Serial Data Inputs 

Clock Pulse Input (Active Rising Edge) 


Asynchronous Master Reset Input (Active LOW) 


TRI-STATE Output Enable Input (Active LOW) 
Bi-State Serial Output 

Multiplexed Parallel Data Inputs or 
TRI-STATE Paratlel Data Outputs 


1/O9-!/07 


Functional Description 


The ’F322 contains eight D-type edge triggered flip-flops 
and the interstage gating required to perform right shift and 
the intrastage gating necessary for hold and synchronous 
parallel load operations. A LOW signal on RE enables shift- 
ing or parallel loading, while a HIGH signal enables the hold 
mode. A HIGH signal on S/P enables shift right, while a 
LOW signal disables the TRI-STATE output buffers and en- 
ables parallel loading. In the shift right mode a HIGH signal 


1.0/1.0 
1.0/1.0 
1.0/3.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
3.5/1.083 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.8 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/—20mA 
70 pA/—0.65 mA 


150/40 (33.3)] —3 mA/24 mA (20 mA) 


on SE enables serial entry from either Dp or Dy, as deter- 
mined by the S input. A LOW signal on SE enables shift right 
but Q7 reloads its contents, thus performing the sign extend 
function required for the 'F384 Twos Complement Multiplier. 
A HIGH signal on OE disables the TRI-STATE output buff- 
ers, regardless of the other control inputs. In this condition 
the shifting and loading operations can still be performed. 


Mode Select Table 


1/07 


Parallel 
Load 


Sign 
Extend 


L 
Z 


\7 


Do 


170g WOs5 W/0Oq 1/03 


L L L L 
Z 


1/02 1/04 1/09 


Ig 


*When the OE input is HIGH all 1/O, terminals are at the high impedance state; sequential operation or clearing of the register is not affected. 
Note 1: l7-lg = The level of the steady-state input at the respective I/O terminal is loaded into the flip-flop while the flip-flop outputs (except Qo) are isolated from 


the 1/0 terminal. 


Note 2: Do, Dy = The level of the steady-state inputs to the serial multiplexer input. 


Note 3: O07-Op = The level of the respective Q,, flip-flop prior to the last Clock LOW-to-HIGH transition. 


H = HIGH Voltage Level 

= LOW Voltage Level 
2 = High Impedance Output State 
~~ = LOW-to-HIGH Transition 
NC = No Change 
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Logic Diagram 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Supply Voltage 
Military 
Commercial 


+ 4,5V to +5.5V 
+4.5V to +5.5V 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical — 


Symbol Parameter | sars7ar | Vcc 
Min Typ Max 


|inputHIGHVoltage HIGH Voltage 


ie Input LOW Voltage 2. Recognized as a LOW Signal 
Input Clamp Diode Voltage pte i lin = —18mA 
Output HIGH 54F 10% Voc loo = —1MA (Qo, I/On) 
Voltage 54F 10% Voc lon = —3 MA (I/O,) 
74F 10% Voc lon = —1 MA (Qo, I/On) 
74F 10% Voc lon = —3 mA (I/O,) 
74F 5% Voc lon = —1 MA (Qo, I/On) 
lon = —3MA (I/Op) 
54F 10% Vcc lo. = 20 mA (Qo, I/On) 
74F 10% Voc lo. = 20 mA (Qo) 
74F 10% Voc lo. = 24 mA (I/Op,) 
Input HIGH Current aS Viv = 2.7V 
Input HIGH Current Vin = 7.0V (Non-I/O Inputs) 
Breakdown Test 
Input HIGH Current Vin = 5.5V (I/Op) 
Breakdown Test (\/O) 
i+ | Output Leakage Current | 080] na | Moe Vio = 0.5V (I/Op) 
loz. 
los Output Short-Circuit Current 2 at ee Vout = OV 
IcEX Output HIGH Leakage 
V => 
Current out = Voc 
Izz___| Bus Drainage Test a Vour = Veo 
lcc__| Power Supply Current peo 90_| ma | Wa 


74F 5% Voc 
Input LOW Current Max | Vin = 0.5V (RE, S/P, Dp, CP, MR, OE) 
Max | Vin= 0.5V (S) 
a Max | Vin= 0.5V (SE) 
4-243 


Conditions 


|_| Recognized as a HIGH Signal 


Vcp 


VoH 


Output LOW 
Voltage 





lozH 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vec = +5.0V Ta: Voc = Mil 


CL = 50 pF 


Min Typ Max | Min Max | Min Max | 
0 


Maximum Clock Frequency 70 9 70 


Propagation Delay : 7.0 7.5 3.5 9.5 3.5 8.5 
CP to I/On : 8.5 11.0 3.5 10.0 5.0 12.0 


Propagation Delay : 7.0 9.0 3.5 11.0 3.5 10.0 
CP to Qo : : : 3.5 . 3.5 9.0 


Propagation Delay 


MR to I/O, 6.0 15.0 6.0 14.0 


Propagation Delay 
MR to Qo 


Output Enable Time 6.5 9.0 3.0 12.5 3.0 10.0 
OE to I/O, 8.5 11.0 4.0 14.5 4.0 12.0 


Output Disable Time 2.0 4.5 6.0 2.0 8.0 2.0 7.0 
OE to I/O, 2.0 5.0 7.0 2.0 10.0 2.0 8.0 


Output Enable Time 4.5 8.0 10.5 4.5 13.5 4.5 11.5 
S/P to |/O, 5.5 10.0 14.0 5.5 17.0 5.5 15.0 


Output Disable Time 5.0 9.0 11.5 5.0 16.5 5.0 12.5 
S/P to I/O, 6.0 12.0 15.5 6.0 19.5 6.0 16.5 


5.5 14.0 5.5 13.0 





AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
Vcc = +5.0V 


ts(H) Setup Time, HIGH or LOW 6.0 14.0 7.0 
t,(L) RE to CP 14.0 18.0 16.0 
th(H) Hold Time, HIGH or LOW 


th(L) RE to CP 


ts(H) Setup Time, HIGH or LOW 
t,(L) Do, Dy or I/O, to CP 


th(H) Hold Time, HIGH or LOW 
th(L) Do, Dy or I/O, to CP 


ts(H) Setup Time, HIGH or LOW 
t,(L) SE to CP 


th(H) Hold Time, HIGH or LOW 
tr(L) SE to CP 


ts(H) Setup Time, HIGH or LOW 
ts(L) S/P to CP 


t,(H) Setup Time, HIGH or LOW 
ts(L) S to CP 


th(H) Hold Time, HIGH or LOW 
th(L) S or S/P to CP 


tw(H) CP Pulse Width, HIGH or LOW 
tw(L) 
tw(L) MR Pulse Width, LOW 


trec Recovery Time 
MR to CP 


Symbol Parameter Ta, Vec = Mil Ta; Voc = Com 
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54F/74F323 Octal Universal Shift/Storage Register 
with Synchronous Reset and Common !/O Pins 


General Description 


The ’F323 is an 8-bit universal shift/storage register with 
TRI-STATE® outputs. Its function is similar to the ‘F299 with 
the exception of Synchronous Reset. Parallel load inputs 
and flip-flop outputs are multiplexed to minimize pin count. 
Separate serial inputs and outputs are provided for Qo and 
Q7 to allow easy cascading. Four operation modes are pos- 
sible: hold (store), shift left, shift right and parallel load. 


Ordering Code: see Sections 


Logic Symbols 


SR gy a7 1/09 1/04 1/09 1/05 1/04 1/05 1/05 1/07 





TL/F/9517-1 


IEEE/IEC 


oon noanerk wpe 


TL/F/9517-5 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 

m Common paralle! |/O for reduced pin count 

@ Additional serial inputs and outputs for expansion 

m Four operating modes: shift left, shift right, load and 
store 

m TRI-STATE outputs for bus-oriented applications 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Qy YO YO2 VO, YOg 
BOWE 





TL/F/9517-3 


TL/F/9517-2 
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Unit Loading/Fan Out: see Section 2 for U.L. SS 


a ee 
Pin Names Description ULL. Input fy4q/Ub 
HIGH/LOW Output Ion/loL 


Clock Pulse Input (Active Rising Edge) 
= Serial Data Input for Right Shift 
DS7 Serial Data Input for Left Shift 
So, $1 Mode Select Inputs 
SR Synchronous Reset Input (Active LOW) 
OE}, OE2 
1/O9-|/07 Multiplexed Parallel Data Inputs 
TRI-STATE Paralle! Data Outputs 


Qo, Q7 Serial Outputs 


Functional Description 


The ’F323 contains eight edge-triggered D-type flip-flops 
and the interstage logic necessary to perform synchronous 
reset, shift left, shift right, parallel load and hold operations. 
The type of operation is determined by Sg and S; as shown 
in the Mode Select Table. All flip-flop outputs are brought 
out through TRI-STATE buffers to separate I/O pins that 
also serve as data inputs in the parallel load mode. Qo and 
Q7 are also brought out on other pins for expansion in serial 
shifting of longer words. 


A LOW signal on SR overrides the Select inputs and allows 
the flip-flops to be reset by the next rising edge of CP. All 


Mode Select Table 


TRI-STATE Output Enable Inputs (Active LOW) 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
3.5/1.083 
150/40 (33.3) 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
70 pA/—0.65 mA 
—3 mA/24 mA (20 mA) 
—1mA/20 mA 


other state changes are also initiated by the LOW-to-HIGH 
CP transition. Inputs can change when the clock is in either 
state provided only that the recommended setup and hold 
times, relative to the rising edge of CP, are observed. 


A HIGH signal on either OE; or OE» disables the TRI- 
STATE buffers and puts the I/O pins in the high impedance 
state. In this condition the shift, load, hold and reset opera- 
tions can still occur. The TRI-STATE buffers are also dis- 
abled by HIGH signals on both Sg and S, in preparation for 
a parallel load operation. 


Synchronous Reset; Qq-Q7 = LOW 
Parallel Load; |/On, —> Qh 

Shift Right; DSg — Qo,Qo — Q;, ete. 
Shift Left; DS7 —> Q7,Q7 — Qe etc. 
Hold 


HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 
~S = LOW-to-HIGH transition 





Logic Diagram 


DS, 


GEEGEE 
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Eee 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voitage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


54F/74F 
Vec 
Min Typ Max 


le Syeeilt — ] Recognized as a HIGH Signal 


Symbol Parameter 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 


Vep 


Vou Output HIGH 


Voltage 


54F 10% Voc] 2.5 
54F 10% Voc 

74F 10% Voc 

74F 10% Voc 

74F 5% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Vcc 
74F 10% Voc 


NH Input HIGH Current 


VoL 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


Bo Recognized as a LOW Signal 


Input Clamp Diode Voltage Pt. ov | Min | lin = —18mA 


lon = —1mA 
lon = —3mMA 
lon = —1mA 
lon = —3MA 
lon = —1mA 
lon = —3mMA 


(Qo, Q7) 
(\/On) 
(Qo, Q7) 
(I/On) 
(Qo, Q7) 
(I/On) 


lo. = 20mA_ (I/On, Qo, Q7) 
lo. = 20mA (Qo, Q7) 
lo, = 24mA_ (I/On) 


= 2.7V 


levi Input HIGH Current : 
Breakdown Test ue Ga 

lsvit Input HIGH Current 1.0 A Vin = 5.5V 
Breakdown Test (I/O) soe BL 


Input LOW Current 


mA VIN = 0.5V (CP, DSo, DS7, SR, OE}, OE) 
mA Vin = 0.5V (So, $1) 


Output Short-Circuit Current |—60 150] mA | Max| Vout = OV 
Output HIGH Leakage Current | 250 | pA | Max | Vout = Vcc 


Bus Drainage Test 


| 800 | A [0.0V| Your = Yoo 


Power Supply Current 68 95 | mA | Max | Vo = HIGH 
Power Supply Current 68 95 Vo = LOW 
Power Supply Current 68 95 | mA | Max | Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Min Typ Max_| Min Max | Min Max _ 
Maximum Input Frequency a ee en de 


Propagation Delay 10.0 
CP to Qg or Q7 9.5 


Propagation Delay 7.0 10.0 
CP to l/On es 8.5 12.0 


Output Enable Time 3.5 6.0 9.0 
11.0 


4, 7.0 ie i 
2.0 


-_ = +25°C 


t 
Parameter We = +5.0V 


Setup Time, HIGH or LOW 
So or S; to CP ge 


Setup Time, HIGH or LOW 
1/On, DS, DS7 to CP 


Hold Time, HIGH or LOW 
1/On, DSo, DS7 to CP 


Setup Time, HIGH or LOW 
SR to CP 


Hold Time, HIGH or LOW 

SR to CP 

CP Pulse Width 7.0 7.0 
HIGH or LOW 7.0 7.0 
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54F/74F350 
4-Bit Shifter with TRI-STATE® Outputs 


General Description Features 


The 'F350 is a specialized multiplexer that accepts a 4-bit ™ Linking inputs for word expansion 
word and shifts it 0, 1, 2 or 3 places, as determined by two m TRI-STATE outputs for extending shift range 
Select (So, S;) inputs. For expansion to longer words, three 

linking inputs are provided for lower-order bits; thus two 

packages can shift an 8-bit word, four packages a 16-bit 

word, etc. Shifting by more than three places is accom- 

plished by paralleling the TRI-STATE outputs of different 

packages and using the Output Enable (OE) inputs as a 

third Select level. With appropriate interconnections, the 

*F350 can perform zero-backfill, sign-extend or end-around 

(barrel) shift functions. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


AWE 


TL/F/9518-3 





On non rkr won = 


a8 8 8 
4 
Oz Oy NC OE 0, 


IEEE/IEC 
D MUX TL/F/9518—1 


0 TL/F/9518-2 
, G5 (SHIFTER) 


TL/F/9518-8 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


U.L. Input Uy/ie 
HIGH/LOW Output Ion/lot 


Description 


Select Inputs 1.0/2.0 
Data Inputs 1.0/2.0 
Output Enable Input (Active LOW) 1.0/2.0 
150/40 (33.3) 





TRI-STATE Outputs 


Functional Description 


The ’F350 is operationally equivalent to a 4-input multiplexer 
with the inputs connected so that the select code causes 
successive one-bit shifts of the data word. This internal con- 
nection makes it possible to perform shifts of 0, 1, 2 or 3 
places on words of any length. 


A 4-bit data word is introduced at the I, inputs and is shifted 
according to the code applied to the select inputs So, S4. 
Outputs O9-O3 are TRI-STATE, controlled by an active 
LOW output enable (OE). When OE is LOW, data outputs 
will follow selected data inputs; when HIGH, the data out- 
puts will be forced to the high impedance state. This feature 
allows shifters to be cascaded on the same output lines or 


Truth Table 


HIGH Voltage Level 
LOW Voitage Level 
= Immaterial 
Z = High Impedance 


Logic Diagram 


lg 


20 pA/—1.2 mA 
20 pA/—1.2 mA 
20 pA/—1.2 mA 
—3 mA/24 mA (20 mA) 


to a common bus. The shift function can be logical, with 
zeros pulled in at either or both ends of the shifting field; 
arithmetic, where the sign bit is repeated during a shift 
down; or end around, where the data word forms a continu- 
ous loop. 


Logic Equations 
= SoSylo + SoSy!—1 + SoSzl-2 + SoS;!-3 
= SoSqlqy + SoSyzlo + SoSy!l_-74 + SoSyl-2 


SoSil2 + SoSqlq + SoSilo + SoSql-1 
SoSilg + SoSylo + SgSqlq + SoSylo 


TL/F/9518-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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350 


Applications 


16-Bit Shift-Up 0 to 3 Places, Zero Backfill 
8 9 10 11 


No Shift 
Shift 1 Place 
Shift 2 Places 
Shift 3 Places 


8-Bit End Around Shift 0 to 7 Places 
4567 
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12 13 14 15 


15 
TL/F/9518-5 


TL/F/9518-6 
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Applications (Continued) 
Function Table 


No Shift 

Shift End Around 1 
Shift End Around 2 
Shift End Around 3 
Shift End Around 4 
Shift End Around 5 
Shift End Around 6 
Shift End Around 7 


Sheek, ale Oe 
oe eo OR ma races Pe CO roa oo 
oT fe oe ee 


13-Bit Twos Complement Scaler 
12 11 10 9 


tag lep by yy 


TL/F/9518-7 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


ViH 
ViL 
Vop 


Vou Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


2.4 
2.5 
2.4 
27 


74F 10% Voc 
74F 5% Voc 
74F 10% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 


A 
Input HIGH Current 
Input LOW Gurrent 


| OutputLeakage Curent | 80 | 
| OutputLeakage Curent | 80 | 


Output Short-Circuit Current 


—50 
Output HIGH Leakage Current 


Bus Drainage Test 


Power Supply Current 34 42 | mA | Max | 
Power Supply Current 40 57 
Power Supply Current 40 57 


J InputHigHvottage | 20 | 
| Inputlowvotage | tos | | 
| InputClampDiodeVotage | 1.2 |v | Min | 


—1.2 
2.5 





2.7 
0.5 
pe | | 
ae Ee 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~55°C to + 126°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Vcc Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
log = —1mA 
lon = —3mMA 
lon = —1mA 
lon = —3mMA 
log = —1mA 
lon = —3 mA 


lo, = 20 mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


|= 


pe 


Vin = 0.5V 
VouT = 2.7V 
Vout = 0.5V 
Vout = 9V 


Max 


—150 


Vout = Voc 
0.0V | Vout = Voc 
Vo = HIGH 
Vo = LOW 


Vo = HIGHZ 





Ose 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Ta; Vec = Mil Ta, Vec = Com 
= +5, 
Parameter Vec 5.0V CL = 50 pF C_ = 50 pF 


Propagation Delay 
Into Opn 


Propagation Delay 
Sp to O7 


Output Enable Time 
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54F/74F352 
Dual 4-Input Multiplexer 


General Description Features 

The 'F352 is a very high-speed dual 4-input multiplexer with ™ Inverted version of 'F153 

common Select inputs and individual Enable inputs foreach i Separate enables for each multiplexer 

section. It can select two bits of data from four sources. The =m Input clamp diode limits high speed termination effects 
two buffered outputs present data in the inverted (comple- 

mentary) form. The 'F352 is the functional equivalent of the 

’°F153 except with inverted outputs. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
(oe He 20 '30 lob iy lab bsp DIP, SOIC and Flatpak for LCC and PCC 


loa ta NC lon I5q 
ESB APCS) 
BBE 


TL/F/9519-3 


IEEE/IEC 





aon oo ee WwW No 


i 
lib lap NC Iz, So 


TL/F/9519-1 TL/F/9519-2 


TL/F/9519-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description U.L. Input ha/Aie 
HIGH/LOW | Output lon/loL 


Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Side B Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Common Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Side A Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side B Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Multiplexer Outputs (Inverted) 50/33.3 —1mA/20 mA 
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Functional Description 
The ’F352 is a dual 4-input multiplexer. It selects two bits of 
data from up to four sources under the contro! of the com- 
mon Select inputs (So, S). The two 4-input multiplexer cir- 
cuits have individual active LOW Enables (Eg, Ep) which can 
be used to strobe the outputs independently. When the En- 
ables (Eg, Ep) are HIGH, the corresponding outputs (Za, Zp) 
are forced HIGH. 
The logic equations for the outputs are shown below: 
Za = Ea® (loa ® Sy ¢ So + Ia ° Sy ¢ So + 
Iza @ Sy So + Iza ¢ Sy * So) 
2b = Ep ® (lop Sy © So + Iyp ° Sy ¢ So + 
lap © Sy * So + Igp © Sy # So) 


Truth Table 


Select 
Inputs 


Inputs (a or b) 


IGH Voltage Level 
LOW Voltage Level 
Immaterial 


Logic Diagram 


E, Ig re 


fal va 


VV 


a 
I 
\/ 


EEE 


Z 


The ’F352 can be used to move data from a group of regis- 
ters to a common output bus. The particular register from 
which the data came would be determined by the state of 
the Select inputs. A less obvious application is as a function 
generator. The ’F352 can generate two functions of three 
variables. This is useful for implementing highly irregular 
random logic. 


1 


ik 





TL/F/9519-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to + 5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 


Min Typ Max 


Symbol Parameter 


Vi 
ViL 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Vcep 


Vou Output HIGH 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 
=60 


Power Supply Current 
Power Supply Current 


Voltage 





IceEx 
ICCcH 
loc 


> 
© 
x 


9.3 
13.3 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1imA 
loo = —1mA 
lon = —1mA 


loL = 20mA 
lol = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


(o) 
oO 


= 
> 


= 
> 
= 
$e) 
x 


3 
> 


Vin = 0.5V 


—150 | mA Vout = OV 


= 
3) 
4 


i) 
a 
—) 
= 
> 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 


@ 
x 


14 
20 


3 
> 
= 
@ 
x 
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AC Electrical Characteristics: seo Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
a ae = 50 pF 


Min | Min Typ Max | 


Tas Vcc = Mil 
C. = 50 pF 


Propagation Delay 4.0 8.0 
Spy to Zn 3.5 6.5 


Propagation Delay 3.0 4.5 
E, toZp, 3.0 5.0 


Propagation Delay 2.0 5.2 
I, to Z, 1.3 2.5 
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54F/74F353 


Dual 4-Input Multiplexer with TRI-STATE® Outputs 


General Description 

The ’F353 is a dual 4-input multiplexer with TRI-STATE out- 
puts. It can select two bits of data from four sources using 
common Select inputs. The outputs may be individually 
switched to a high impedance state with a HIGH on the 
respective Output Enable (OE) inputs, allowing the outputs 
to interface directly with bus-oriented systems. 


Ordering Code: see Sections 
Logic Symbols 


Features 

w Inverted version of ’F253 

@ Multifunction capability 

a Separate enables for each multiplexer 


Connection Diagrams 


Pin Assignment for Pin Assignment 
OF oF, 100 ‘te '20 $50 lob Nib ln 'se DIP, SOIC and Flatpak for LCC and PCC 


TL/F/9520-3 
IEEE/IEC 


aon om On me WD 


TL/F/9520-5 


loa Ne NC log 39 
G) 
a 





(15) fe) 07) £3) 
yb tap NC Isp, So 


TL/F/ -1 
see TL/F/9520-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input lin/he 
HIGH/LOW Output Ion/lo. 


Side A Data Inputs 


Side B Data Inputs 

Common Select Inputs 

Side A Output Enable Input (Active LOW) 
Side B Output Enable Input (Active LOW) 
TRI-STATE Outputs (Inverted) 150/40 (33.3) |} —3 mA/24 mA (20 mA) 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
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Functional Description 


The 'F353 contains two identical 4-input multiplexers with 
TRI-STATE outputs. They select two bits from four sources 
selected by common Select inputs (So, S;). The 4-input mul- 
tiplexers have individual Output Enable (OEz, OE,) inputs 
which, when HIGH, force the outputs to a high impedance 
(High Z) state. The logic equations for the outputs are 
shown below: 
Za = OEge*(IogeSy#So + 1y2SyeSo + 
lnqeSyeSq + Iga°S4*So) 
Zp = OEpe*(lopeSy#So + 11p°Sy#Sq + 
lap®SyeSq + I3p*S1 So) 


Truth Table 


If the outputs of TRI-STATE devices are tied together, all 
but one device must be in the high impedance state to avoid 
high currents that would exceed the maximum ratings. De- 
signers should ensure that Output Enable signals to TRI- 
STATE devices whose outputs are tied together are de- 
signed so that there is no overlap. 


Output 


I-r-imnNn 


Po ar 


Address inputs So and S; are common to both sections. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Logic Diagram 


vu 


V 





2p 


tr—n 
TT 


ee 





Ze 
TL/F/9520-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional! operation under 
these conditions is not implied. 


~0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Vin 
Vit 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


Vep 
VOH 54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 
lit Input LOW Current 


lozH Output Leakage Current 
Output Leakage Current 


loz 
los 
IcEX 


\zz 

ICCH 
loc 
Iccz 


54F/74F 
Min Typ Max 
Input HIGH Voltage ee 
2.5 





Output HIGH Leakage Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 56°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to + 5.5V 


Ve Conditions 


i?) 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
loH = —1mA 
lon = —3 mA 
lod = —1mA 
loo = -—3mMA 
lod = —1MA 
lon = —3mA 


lo. = 20mA 
lo. = 24mA 


VIN = 2.7V 
Vin = 7.0V 


Vv 
Vv 


= 
x 


100 


> 


3 


= =e /E = = 


Vin = 0.5V 
Vout = 2.7V 
VouT = 0.5V 
Vout = OV 
Vout = Vcc 
Voir = Voc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


3 
= 
> 


3 
> |> 
5) 
x 





AC Electrical Characteristics: see Section 2 tor Waveforms and Load Configurations 


Parameter 


Propagation Delay 
Sp to Zn 


Propagation Delay 
I, to Zp, 


Output Enable Time 


Output Disable Time 


1.3 


2.5 
3.0 


2.0 
2.0 


Ta = +25°C 
Vec = +5.0V 
C,. = 50 pF 


2.5 


5.5 
6.0 


3.7 
4.4 
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Ta, Vec = Mil 
C. = 50 pF 


1.0 


2.0 
2.5 


2.0 
2.0 


14.0 
11.0 


5.0 


10.5 
10.5 


7.0 
8.0 


1.0 


2.0 
2.5 


2.0 
2.0 
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National © 
Semiconductor 


54F/74F365 
Hex Buffer/Driver with TRI-STATE® Outputs 


General Description Features 


The ’F365 is a hex buffer and line driver designed to be = TRI-STATE buffer outputs 
employed as a memory and address driver, clock driver and m Outputs sink 64 mA 
bus-oriented transmitter/receiver. m Bus-oriented 


Ordering Code: see Section 5 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


lp 0, NC ty Og 
7) 


HE 
04 I4 NC O3 fs 


TL/F/9522-1 TL/F/9522-2 


TL/F/9522-4 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description U.L. Input lyy/Ti 
HIGH/LOW Output Iox/lot 


Output Enable Input 1.0/0.033 20 pA/20 pA 
(Active LOW) 

Inputs 1.0/0.033 20 pA/20 pA 
Outputs 600/106.6 (80) | —12 mA/64 mA (48 mA) 





Function Table 


L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 

Z = High Impedance 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


54F/74F 
Min Typ 


Input HIGH Voltage : 
Input LOW Voltage 
Input Clamp Diode Voltage 


Symbol Parameter 


ViH 
Vit 
Vcb 


VoH Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


74F 5% Voc 
74F 5% Veco 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


Input HIGH Current 


{nput HIGH Current 
Breakdown Test 
Input LOW Current 


lozH 


Output Leakage Current 
Output Short-Circuit Current 


loz 
los 

ICEX 
izz 
ICCH 
IoCL 


Iocz 


ie) 
Oo 





Output Leakage Current 


Output HIGH Leakage Current 


Power Supply Current P| ma 
Power Supply Current 44 62 
Power Supply Current a ee ee 
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Recommended Operating 
Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°c to + 70°C 


+ 4.5V to +5.5V 
+ 4.5V to +5.5V 


Ve Conditions 


Qa 


= 
x 


a 
Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


I 
—_ 
to 


lou = 
lOH 
loH 
loH = 
lou = 
10H 


lo. = 
lo 
VIN 


VIN 


: 
> 


= 
> 


—20 VIN 
VouT = 2.7V 
Vout = 0.5V 


VouT = OV 


=e IE YE 
>|>|> 


mA 
Vout = Vcc 


pA 
pA 0.0 


< 


Vout = Voc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
CL = 50 pF 


Ta; Vec = Mil 
C. = 50 pF 


Propagation Delay 
In to On 


Enable Time 
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National — 
Semiconductor 


54F/74F366°54F/74F368 
Hex Inverter Buffer with TRI-STATE® Outputs 


Features 

m@ TRI-STATE buffer outputs sink 64 mA 

@ High-speed 

m Bus-oriented 

m High impedance npn base inputs for reduced loading 


89Ee99E 


Ordering Code: see Section 5 


Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


ly 04 NC 1, Oo 
Brrr 


4) G5) fe) 7) Ga) 
04 !4 NC Oz 15 


TL/F/9521-2 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9521~-4 
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TL/F/9521-1 


Pin Assignment 
for LCC and PCC 
I Oy NC ty Oo 
[6] 


(4) 15) (£6) £7) 13) 
04 Iy NC Os Is 


TL/F/9521-3 





366¢368 


Logic Symbols 


JIEEE/IEC IEEE/IEC 
"F366 "F368 


/F/9521-5 
a TL/F/9521-6 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description U.L. Input hy/ie 
HIGH/LOW Output IoH/loL 


Output Enable Input (Active LOW) 1.0/0.033 20 pA/—20 pA 
Input 1.0/0.033 20 pA/—20 pA 
Outputs 600/106.6 (80) | — 12 mA/64 mA (48 mA) 


Function Tables 
"F366 


LOW Voltage Level 
HIGH Voltage Level 
Immaterial 

High tmpedance 


NX Ir 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Se 


ViH 
Vit 
Vcep 


VoH Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Veo 


Voltage 





Output LOW 
Voltage 


VoL 


Ts 


| inputLOWCurrent = LOW Current 


Output Leakage Current ws 
Output Leakage Current P= 80 |_| Max | 
Output Short-Circuit Current —100 ~225 | mA | Max | 


Output HIGH Leakage Current 


Bus Drainage Test 


seer 74F 


input HIGH Voltage ae 
Input LOW Voltage ee 
InputClampDiodeVotage | 12 | OV | Min 


SS ee Pcie err 


Input HIGH Current 
cco ae Test 


250 
| PowerSupplyGurent | 2028 | mA | Max | 
| PowerSupply Curent | 4962 | mA | Max | 
| PowerSuppy Curent | 8548 | mA | Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —12mA 
lon = —12mA 
lon = —15mA 


lo. = 48mA 
lo. = 64mA 


VIN = 2.7V 
VIN = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
| wa |_ Max _| Vout = Voc 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 





89Ee99E 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Parameter Veco = +5.0V bie es ey 
CL = 50 pF L P 


Min Typ Max | Min Max | Min Max_| 
Propagation Delay 2.5 4.0 6.5 

1.0 1.8 5.0 
Enable Time (’F366) 2.5 4.2 9.5 

2.5 4.2 9.0 


2.0 3.3 
2.0 4.1 
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National - 
Semiconductor 


54F/74F373 
Octal Transparent Latch with TRI-STATE® Outputs 


General Description Features 

The 'F373 consists of eight latches with TRI-STATE outputs ™ Eight latches in a single package 

for bus organized system applications. The flip-flops appear m TRI-STATE outputs for bus interfacing 
transparent to the data when Latch Enable (LE) is HIGH. 

When LE is LOW, the data that meets the setup times is 

latched. Data appears on the bus when the Output Enable 

(OE) is LOW. When OE is HIGH the bus output is in the high 

impedance state. 


Ordering Code: see sections 
Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


Dz Dz 02 0; Dy 
BOE 4 
aa i. 


au 

Ds On Og O 

Dy 0 5 Os Og Dg D7 
—— TL/F/9523-3 


TL/F/9523-4 





oO On nar wn = 


TL/F/9523-2 


Do Dy Dp Dz Dg D5 Dg 07 


Op 0; 0, 0; 04 05 Og 07 


TL/F/9523-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input h/t 
HIGH/LOW Output IoH/loL 


Data Inputs 1.0/1.0 20 pA/—-0.6 mA 
Latch Enable Input (Active HIGH) 1.0/1.0 20 pA/—0.6 mA 
Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Latch Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 
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Functional Description 


The 'F373 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the Dy inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW, the 
latches store the information that was present on the D in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering 
new data into the latches. 


Logic Diagram 


0 7) 02 


Truth Table 


On (no change) 
Z 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance State 


Os 04 Os 06 07 
TL/F/9523-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature 


Ambient Temperature under Bias 
Junction Temperature under Bias 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


—65°C to + 150°C 


— 55°C to + 125°C 
—55°C to + 175°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Min Typ Max 
2.5 


VIH 
ViL 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Vcc 
74F 10% Voc 


Vcp 
VoH 


74F 10% Voc 
74F 5% Veco 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Leakage Current 


54F 10% Vcc 
74F 10% Voc 


lozH 
Output Leakage Current 
Output Short-Circuit Current 
Output HIGH Leakage Current 


loz 
los 
IcEx 


lzz Bus Drainage Test 


locz Power Supply Current 





an 
x 
> 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Vcc Conditions 


V Recognized as a HIGH Signal 
Vv 
Vv 


Recognized as a LOW Signal 
In = —18mA 

loo = —1mMA 

loH = —3MA 

lon = —1mA 

lon = —3mMA 

lou = —1imA 

lon = —3mMA 

lo. = 20mA 

lo. = 24mA 


VIN = 2.7V 
Vin = 7.0V 


nO 
° 
. 
> 


3 
> 
re) 
x 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 

Vout = Voc 


* /3 |r 

> |S /> 
pet} 
x 


= 
> 
ro) 


Vout = Vcc 
Vo = HIGHZ 


x: 
S 
< 


3 
> 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


a ee 
Ta = +25°C /pai 
Parameter Vec = +5.0V ys oe ag 
C. = 50 pF L P 
Min Typ Max | Min Max | Min Max _ 


Propagation Delay 3.0 5.3 7.0 3.0 8.5 3.0 


Dr to On 2. 3.7 5.0 2.0 7.0 2.0 
9.0 11.5 5.0 15.0 5.0 


0 

Propagation Delay 5.0 
LE to O, 3.0 5.2 7.0 3.0 8.5 3.0 
Output Enable Time .0 5.0 11.0 2.0 13.5 2.0 
2.0 5.6 7.5 2.0 10.0 2.0 
Output Disable Time 1.5 45 6.5 1.5 10.0 1.5 
1.5 3.8 5.0 1.5 7.0 1.5 





AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
Vcc = +5.0V 


Setup Time, HIGH or LOW 
Dp to LE 


Parameter Ta: Voc = Mil Ta; Vec = Com 


Hold Time, HIGH or LOW 
Dp, to LE 


LE Pulse Width, HIGH 


2.0 2.0 
2.0 2.0 
3.0 3.0 
4.0 3.0 
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National - 
Semiconductor 


54F/74F374 


Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description Features 

The ’F374 is a high-speed, low-power octal D-type flip-flop  ™ Edge-triggered D-type inputs 

featuring separate D-type inputs for each flip-flop and Buffered positive edge-triggered clock 
TRI-STATE outputs for bus-oriented applications. A buff- | TRI-STATE outputs for bus-oriented applications 


ered Clock (CP) and Output Enable (OE) are common to all 
flip-flops. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment 


Pin Assignment 


for DIP, SOIC and Flatpak for LCC and PCC 


Ds D2 O2 0; Dy 
BME) 4 


Do 0, Dy Dz Dg Ds Dg Dy 


Op 0; 02 Ox 04 Os Og 07 


TL/F/9524-1 


IEEE/IEC 


oWOnN DOoOh wn 





B88 8 
fe 
Ds O5 Og Dg D7 
TL/F/9524-3 


TL/F/9524-2 


TL/F/9524-4 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description U.L. Input Iy/be 
HIGH/LOW Output Ion/lo. 


Data Inputs 1.0/1.0 
Clock Pulse Input (Active Rising Edge) 1.0/1.0 
TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 
TRI-STATE Outputs 150/40 (33.3) 
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20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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Functional Description 


The 'F374 consists of eight edge-triggered flip-flops with in- 
dividual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affected the state of the flip-flops. 


Logic Diagram 


Truth Tabie 


internal 2a 


Register 


ae 
or | OE 

— 

L 

=H 


H IGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance 

~Y = LOW-to-HIGH Clock Transition 


TL/F/9524-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 


—0.5V to +7.0V 
—0.5V to +7.0V 


Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Vcc = 


Standard Output 
TRI-STATE Output 


Current Applied to Output 


in LOW State (Max) 


—30 mA to +5.0 mA 


OV) 


—0.5V to Voc 
—0.5V to +5.5V 


twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage ae eB 
Input LOW Voltage joe 
Input Clamp Diode Voltage ——___=12 | _v | in| 


ViH 
ViL 
Veo 


VoH Output HIGH 


Voltage 


54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 


74F 10% Veo 
74F 5% Voc 
74F 5% Voc 


Output LOW 
rT ae 


| Input HIGH Current HIGH Current 


54F 10% Voc 
74F 10% Voc 


Hie | InputLOW Current LOW Current 
lozH 
loze 
los 

ICEX 
l2z7 Bus Drainage Test 


Iocz 





0.5 
a 5 
Input HIGH Current 
ia Test 


[eatsagosee [at Pa 
[ouput teatageourent | 80 |v Ne | 
"Output Shot Greut Curent | 6018 mk | Mae | 
fcimmiermeueoren ge = ela 

00 a Pc | 
"PowerSuppy Curent daw || 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


lin = —18mA 


loo = —1mA 
lon = —3mA 
lon = —1mA 
IoH = —3mMA 
lou = —1mA 
loo = —3mA 


lo. = 20 mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 

| Max | Vout = Voc 
Vout = Vcc 
Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter . 
Min Typ Max 


Maximum Clock Frequency | 100 140 ee ee 


0 
Propagation Delay 6.5 ; 4.0 10.5 4.0 10.0 
CP to O, 6.5 8.5 4.0 11.0 4.0 10.0 


Output Disable Time 5.3 7.0 2.0 8.0 


4.3 5.5 1.5 7.5 1.5 6.5 


4.0 
4.0 

Output Enable Time 2.0 9.0 11.5 2.0 14.0 2.0 12.5 
2.0 5.8 7.5 2.0 10.0 2.0 8.5 
2.0 2.0 8.0 
1.5 


AC Operating Requirements: see Section 2 for Waveforms 


7 
Parameter Tas Voc = Mil 


Setup Time, HIGH or LOW 
D, to CP 


Hold Time, HIGH or LOW 
D, to CP 


CP Pulse Width 
HIGH or LOW 
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National | 
Semiconductor 


54F/74F377 


ADVANCED INFORMATION 


Octal D Flip-Flop with Clock Enable 


General Description 


The ’F377 has eight edge-triggered, D-type flip-flops with 
individual D inputs and Q outputs. The common buffered 
Clock (CP) input loads all flip-flops simultaneously, when the 
Clock Enable (CE) is LOW. 


The register is fully edge-triggered. The state of each D in- 
put, one setup time before the LOW-to-HIGH clock tran- 
sition, is transferred to the corresponding flip-flop’s Q out- 
put. The CE input must be stable only one setup time prior 
to the LOW-to-HIGH clock transition for predictable opera- 
tion. 


Logic Symbols 


Features 
m Ideal for addressable register applications 
@ Clock enable for address and data synchronization 
applications 
Eight edge-triggered D flip-flops 
Buffered common clock 
See ’F273 for master reset version 
See ’F373 for transparent latch version 
See 'F374 for TRI-STATE® version 


Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 
Ds Dz Q2 Q D; 
[6] 
a a 


o On mn FF WwW DH 


= 
oO 


TL/F/9525~-4 


Do Dy Dp Dz Dy Ds Dg Dy 


Q Q,; Q, Q3 Q, Qs Qe, Q, 


TL/F/9525~1 





a8, 8 

Fra} SI) 7] 

Ds 5 05 Dg D7 
TL/F/9525-3 


TL/F/9525-2 
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Mode Select-Function Table 


Operating Mode 


Te [elo | a 
ee 


L 
Hold a h X No Change 
(Do Nothing) X H X No Change 


Logic Diagram 


1 0, 


H = HIGH Voltage Level 

h = HIGH Voltage Level one setup time prior to 
the LOW-to-HIGH Clock Transition 

L = LOW Voltage Level 

| = LOW Voltage Level one setup time prior to 
the LOW-to-HIGH Clock Transition 

X = Immaterial 

= LOW-to-HIGH Clock Transition 


07 
TL/F/9525-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Semiconductor 


54F/74F378 
Parallel D Register with Enable 


General Description Features 

The ’F378 is a 6-bit register with a buffered common En- _‘'™@ 6-bit high-speed parallel register 

able. This device is similar to the ’F174, but with common —_ @ Positive edge-triggered D-type inputs 

Enable rather than common Master Reset. m Fully buffered common clock and enable inputs 
m Input clamp diodes limit high-speed termination effects 
m@ Full TTL and CMOS compatible 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 

Do Dy Dp D3 D, Ds DIP, SOIC and Flatpak for LCC and PCC 
Dz Q; NC Dy Dp 
(6) 


Qy 0) OQ, Os O4 Ox 


TL/F/9526~1 


(EEE/IEC 





On OWN FF WD = 


Ds Q NC Dy Ds 


TL/F/9526-3 


TL/F/9526-2 


TL/F/9526-4 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description ULL. Input t/t 
HIGH/LOW | Output Ion/loL 


Enable Input (Active LOW) 1.0/1.0 |20uA/—0.6 mA 
Data Inputs 1.0/1.0 | 20 pA/—0.6 mA 
Clock Pulse Input (Active Rising Edge) 1.0/1.0 | 20 pA/—0.6 mA 
Outputs 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F378 consists of six edge-triggered D-type flip-flops 
with individual D inputs and Q inputs. The Clock (CP) and 
Enable (E) inputs are common to all flip-flops. 

When the E input is LOW, new data is entered into the 
register on the LOW-to-HIGH transition of the CP input. 
When the E input is HIGH the register will retain the present 
data independent of the CP input. 


Logic Diagram 


Truth Table 


| Ee | oc | pm | m | 
H ae X No Change 
L af H H 
L ae L L 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

/ = LOW-to-HIGH Clock Transition 


TL/F/9526-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


Note 1; Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin __|_ Input HIGH Voltage 


ee 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial! 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


VIL Input LOW Voltage oe Recognized as a LOW Signal 
Input Clamp Diode Voltage | __ mt fv i | ly = —18mA 


Output HIGH 54F 10% Voc 
74F 10% Voc 2 
74F 5%Voco 


Voltage 





Output LOW 54F 10%Voc 0.5 
Voltage 74F 10% Vcc ae oe 5 


___|_ Input Low Current er Pa 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Output Short-Circuit Current 
IcEx Output HIGH Leakage Current 


lco.__| Power Supply Current 


—imA 
—1imA 


lOH 
—1mA 


= 20mA 
20mA 


= 2.7V 
= 7.0V 


= 0.5V 
Vout = 0V 
Vout = Voc 
Vo = LOW 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
CL = 50 pF 


| Min Typ Max | Min Max | Min Max | 
Maximum Input Frequency a 
Propagation Delay . ; 7.5 3.0 10.0 
CP to Qn 8.5 3.5 10.5 x : 


AC Operating Requirements: See Section 2 for Waveforms 


Ta; Vec = Mil 
C_ = 50 pF 


Parameter 


Vec = +5.0V 


Setup Time, HIGH or LOW 4.0 ; : 
Dp to CP 4.0 


Hold Time, HIGH or LOW 2.0 
D, to CP 2.0 


Setup Time, HIGH or LOW 4.0 4.5 
Eto CP 10.0 13.0 : 
Hold Time, HIGH or LOW 
E to CP 
CP Pulse Width 4.0 
HIGH or LOW 6.0 
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Semiconductor 


54F/74F379 
Quad Parallel Register with Enable 


General Description Features 

The 'F379 is a 4-bit register with buffered common Enable. ™ Edge triggered D-type inputs 

This device is similar to the F175 but features the common _—im Buffered positive edge-triggered clock 
Enable rather than common Master Reset. m Buffered common enable input 


m True and complement outputs 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
IEEE/IEC DIP, SOIC and Flatpak for LCC and PCC 
Q; Dy NC Dp Q 
(6) 3) 


a, 
GND 
NC fi] 
cP 2] 
Q, 


1 

2 
3 
4 
5 
6 
7 
8 


4) (3) fe) 2) Ge) 
Q, D2 NC Ds Qs 
TL/F/9527-2 


TL/F/9527-1 


TL/F/9527-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input WH/I. 
HIGH/LOW | Output IoH/loL 


Enable tnput (Active LOW) 1.0/1.0 |20pA/—0.6 mA 
Data Inputs 1.0/1.0 |20 pA/—0.6 mA 
Clock Pulse Input (Active Rising Edge)| 1.0/1.0 |20pA/—0.6 mA 
Flip-Flop Outputs 50/33.3 —1mA/20 mA 
Complement Outputs 50/33.3 —1mA/20 mA 
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Functional Description 


The 'F379 consists of four edge-triggered D-Type flip-flops 
with individual D inputs and Q and Q outputs. The Clock 
(CP) and Enable (E) inputs are common to all flip-flops. 
When the E is input HIGH, the register will retain the present 
data independent of the CP input. The D, and E inputs can 
change when the clock is in either state, provided that the 
recommended setup and hold times are observed. 


Logic Diagram 


Truth Table 


IGH Voltage Level 
OW Voltage Level 
Immaterial 
~ = LOW-to-HIGH Transition 
NC = No Change 


TL/F/9527-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ee ae el 74 


Vin___| Input HIGH Vottage 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


VIL Input LOW Voltage Re Recognized as a LOW Signal 


Input Clamp Diode Voltage pte |v 


Output HIGH 54F 10% Vcc 
10% Voc 


Voltage 74F 
74F 5%Voc 





Output LOW 
Voltage 


54F 10% Vcc 
74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 

tic Input LOW Current 
Output Short-Circuit Current 


IcEX 
loc 


lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —imA 


lo. = 20mA 
lol = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = LOW 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Vec = +5.0V 
es = 50 oF 


Ta, Vcc = Mil 
C. = 50 pF 


Propagation Delay 
CP to Qp, Qn : 6.5 = i ce a 


a = +25°C 
Parameter et = +5.0V Ta; Voc = Mil Ta, Vec = Com 


Setup Time, HIGH or LOW 
D, to CP 


a 
Hold Time, HIGH or LOW 1 jis 2.0 
Dp, to CP 1.0 2.0 
Setup Time, HIGH or LOW 6.0 8.0 
Eto CP 6.0 8.0 
Hold Time, HIGH or LOW 
Eto CP 
CP Pulse Width 4.0 5.0 
HIGH or LOW 5.0 7.0 
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National © 
Semiconductor 


54F/74F381 
4-Bit Arithmetic Logic Unit 


General Description Features 


The 'F381 performs three arithmetic and three logic opera- © ™ Low input loading minimizes drive requirements 
tions on two 4-bit words, A and B. Two additional select m Performs six arithmetic and logic functions 
input codes force the function outputs LOW or HIGH. Carry m Selectable LOW (clear) and HIGH (preset) functions 


propagate and generate outputs are provided for use with Carry generate and propagate outputs for use with 
the ’F182 carry lookahead generator for high-speed expan- carry lookahead generator 

sion to longer word lengths. For ripple expansion, refer to 

the 'F382 ALU data sheet. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Fo Sz Sy So By 
(3) 7) (3) 4) 


Ay Bo Ay By Ag Bp Az Bs 


TL/F/9528-3 


IEEE/IEC 





P C, Bs Az By 
11F-F, TL/F/9528~2 


oan Our WH 


TL/F/9528-1 


on vio vio v 


Qn uv 


TL/F/9528-6 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input tin/lie 
HIGH/LOW | Output Ion/loL 


A Operand Inputs 1.0/3.0 
B Operand Inputs 1.0/3.0 
Function Select Inputs 1.0/1.0 
Carry Input 1.0/4.0 
Carry Generate Output (Active LOW) 50/33.3 
Carry Propagate Output (Active LOW)| 50/33.3 
Function Outputs 50/33.3 


Functional Description 


Signals applied to the Select inputs Sg—S» determine the 
mode of operation, as indicated in the Function Select Ta- 
ble. An extensive listing of input and output levels is shown 
in the Truth Table. The circuit performs the arithmetic func- 
tions for either active HIGH or active LOW operands, with 
output levels in the same convention. In the Subtract oper- 
ating modes, it is necessary to force a carry (HIGH for active 


Function Select Table 


orton 


Clear 
B Minus A 
A Minus B 


A Plus B 


A®B 
A+B 
AB 
Preset 


H = HIGH Voltage Level 
L = LOW Voltage Level 


‘F182 CLA 


20 pA/—1.8 mA 
20 pA/—1.8 mA 
20 pA/—0.6 mA 
20 pA/—2.4 mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 


HIGH operands, LOW for active LOW operands) into the C,, 
input of the least significant package. 

The Carry Generate (G) and Carry Propagate (P) outputs 
supply input signals to the ’F182 carry lookahead generator 
for expansion to longer word length, as shown in Figure 7. 
Note that an 'F382 ALU is used for the most significant 
package. Typical delays for Figure 7 are given in Figure 2. 


FIGURE 2. 16-Bit Delay Tabulation 


Toward Output 
Path Segment Cn + 4,OVR 


Aj or Bj toP 

P; to Cy, + j ((F182) 
C, to F 

Cy or Cp, + 4, OVR 


Total Delay 





Cour 
OVERFLOW 


TL/F/9528-4 


FIGURE 1. 16-Bit Lookahead Carry ALU Expansion 
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Logic Diagram 





Plea: 
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Truth Table 


L8€ 


Function 


B Minus A 


A Minus B 


re 
& 3 
a) 
oa oO 
£8 
Sg 
x 

oF 
=9 
Won 
mu 


cs] 
3 
3 
E 
= 
I] 
x 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical ae 


Input HIGH | InputHIGHVoltago 
7" Input LOW Voltage 


Vop 


VoH Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% 22 eee a 


| InputHIGH Current = HIGH Current 


Voltage 





Output LOW 
ie = 


VoL 


Icex 


Input Clamp Diode Voltage ers mC 


2.7 
0.5 
mee 


Input HIGH Current A 

Breakdown Test a 

Input LOW Current —0.6 mA 
—2.4 mA 


Output Short-Circuit Current | —6o 150 |_ma_| Max | Max 
Output HIGH Leakage Current ain Gr 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


- ee 74F 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1MA 
V loo = —1mA 
lon = —1mMA 
lot — 20 mA 
lo. = 20mA 
| Max | vin = 2.7V 


Vin = 7.0V 


Vin = 0.5V (Sp) 
VIN = 0.5V (An, Bn, Gn) 


Vout = OV 


Vout = Voc 


loc Power Supply Current 59 89 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C _ 
Symbol Parameter Veco = +5.0V ie aon “3 
C, = 50 pF b=sre 


Min Typ Max | Min Max | Min Max _ 

Propagation Delay 2.5 8.1 12.0 2.5 
Cy to F; 2.5 5.7 8.0 2.5 
Propagation Delay 4.0 10.4 15.0 4.0 
Any Aor B to Any F 3.5 8.2 11.0 3.5 
Propagation Delay 45 8.3 20.5 4.5 
§j to F; 4.0 8.2 15.0 4.0 
Propagation Delay 3.5 6.4 10.0 3.5 
Aj or Bj toG 3.5 6.8 10.0 3.0 
Propagation Delay 2.5 7.2 10.5 2.5 
A; or B; toP 3.5 6.5 9.5 3.5 

4.0 

45 


Propagation Delay 4.0 7.8 12.0 
S| to G or P 4.5 10.2 13.5 
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Semiconductor 


54F/74F382 
4-Bit Arithmetic Logic Unit 


General Description 


The ’F382 performs three arithmetic and three logic opera- 
tions on two 4-bit words, A and B. Two additional Select 
input codes force the Function outputs LOW or HIGH. An 
Overflow output is provided for convenience in twos com- 
plement arithmetic. A Carry output is provided for ripple ex- 
pansion. For high-speed expansion using a Carry Look- 
ahead Generator, refer to the F381 data sheet. 


Ordering Code: see Sections 


Logic Symbols 
IEEE/IEC 


oon oO nN eh WH 


ray 


| 


TL/F/9529-6 
Ag By Ay By Ag By Ag Bs 
Coe4 


OVR 
Fo Fy Fn OFS 


TL/F/9529-3 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 

m Performs six arithmetic and logic functions 

g Selectable LOW (clear) and HIGH (preset) functions 
m LOW input loading minimizes drive requirements 

@ Carry output for ripple expansion 

m Overflow output for twos complement arithmetic 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Fo Sz 54 So Bo 
a ea) ES) 
naa 8 





Cota Cy Bs Ag Bo 


TL/F/9529-2 


TL/F/9529-1 
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Unit Loading/Fan Out: see section 2 for UL. definitions 


54F/74F 
Description ULL. Input ta/lie 
HIGH/LOW | Output Ion/loL 


A Operand Inputs 1.0/3.0 
B Operand Inputs 1.0/3.0 


Function Select Inputs 1.0/1.0 
Carry Input 1.0/4.0 
Carry Output 50/33.3 
Overflow Output 50/33.3 
Function Outputs 50/33.3 





Functional Description 


Signals applied to the Select inputs So—S» determine the 
mode of operation, as indicated in the Function Select Ta- 
ble. An extensive listing of input and output levels is shown 
in the Truth Table. The circuit performs the arithmetic func- 
tions for either active HIGH or active LOW operands, with 
output levels in the same convention. In the Subtract oper- 
ating modes, it is necessary to force a carry (HIGH for active 
HIGH operands, LOW for active LOW operands) into the C, 
input of the least significant package. Ripple expansion is 
illustrated in Figure 7. The overflow output OVR is the Exclu- 
sive-OR of Cy, + 3 and Cp, + 4; a HIGH signal on OVR 
indicates overflow in twos complement operation. Typical 
delays for Figure 7 are given in Figure 2. 


Fy Fy 


20 pA/—1.8 mA 
20 pA/—1.8 mA 
20 pA/—0.6 mA 
20 pA/—2.4mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 


Function Select Table 


Operation 


Clear 

B Minus A 
A Minus B 
A Plus B 
Ae®B 
A+B 
AB 
Preset 


or EE: ee 
wk ele ele ae IS 


H = HIGH Voltage Level 
L = LOW Voltage Level 


AgrAy, Bg Byy 


Cour 
OVERFLOW 


FamFiy 
TL/F/9529-5 


FIGURE 1. 16-Bit Ripply Carry ALU Expansion 


Aj or Bj to Cy + 4 
CytoCh +4 

Cy toCr +4 
Cy to F 

Cp to Ch + 4, OVR 


Total Delay 


FIGURE 2. 16-Bit Delay Tabulation 
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Truth Table 


Function 


BMINUSA 


A MINUS B 


APLUSB 





a— 
3% 
2 
mo 

oa 
2g 
== 

[oJ 
> 
oF 
= 


3 
s 
ro 
= 
£ 
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Logic Diagram 


(= 


oe I 
oT tllP 
>< 
%—[pe 
i>o 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


> Sa 
Piet 


TL/F/8529-4 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specificatlons. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


DC Electrical Characteristics over Operating Temperature Range unless otherwise specified 


input HIGH Vottage aaa (arn 
input Clamp Diode Voltage ae 


ViH 


VIL Input LOW Voltage 


Vcep 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Vcc 
74F 5% Voc 


54F 10% Voc 
74F 10% se oem 


oe 


Output LOW 
Voltage 


| inputHIGH Current HIGH Current 


Input HIGH Current 
Breakdown Test 


tie Input LOW Current 


loZH 
loz 
los 
IcEXx 
Icc 


2.7 
0.5 
lamacrnenl Sega 





| Output Leakage Curent | 5A | Max | 
| Output Leakage Curent | 50 | WA | Max | 
| Output Short-circuitCurrent | 60-180 | mA_| Max | 
| Output HIGH Leakage Current | 250 | A | Max | 
| PowerSupplyCurent | 54 at | mA_| Max | 
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Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
In = —18mA 
loy = —1mA 


lon = —1mA 
lon = —1mA 


20 mA 
20 mA 


te 


lok. 
lou = 
Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V (Sg—So) 
Vin = 0.5V (Ag-Ag, Bo-Ba) 
Vin = 0.5V (Cp, Cn +4) 


Vout = 2.7V 
Vout = 0.5V 
Vout = OV 


<a 


Vout = Vcc 
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AC Electrical Characteristics: see Section 2 for U.L. definitions 


Parameter Vec = +5.0V bs Bas S em 50 oe 
C. = 50 pF Ee oe 


Min Typ _in__fyp__ex_| in __ Me |__in__ Me 


Propagation Delay . : 8.1 fe 0 13.0 
Cp to Fj 5.7 _ 9.0 


17.0 
12.0 


21.5 
17.5 


Propagation Delay 10.4 15.0 
Any Aor B to Any F 8.2 11.0 


Propagation Delay 11.0 20.5 


§; to F; fe 8.2 15.0 


Propagation Delay 3.5 6.0 11.0 
Aj or Bj to Ch + 4 3.5 6.5 10.5 
Propagation Delay 7.0 12.5 16.5 ei 17.5 


Sto OVR or Ch +4 5.0 9.0 12.0 14.5 


Propagation Delay 2.5 5.6 9.0 
Cy to Ch + 4 3.5 6.3 10.0 


Propagation Delay 3.5 8.0 11.0 13.0 
Cp, to OVR 2.5 7.1 10.0 11.0 


Propagation Delay 7.0 11.5 15.5 16.5 
Aj or Bj to OVR 3.0 8.0 10.5 11.5 
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54F/74F385 
Quad Serial Adder/Subtractor 


General Description Features 


The ’F385 contains four serial adder/subtractors with com- | ™@ Four independent adder/subtractors 

mon clock and clear inputs, but independent operand and | Twos complement arithmetic 

mode select inputs. Each adder/subtractor contains asum =m Synchronous operation 

flip-flop and a carry-save flip-flop for synchronous opera- g™ Common clear and clock 

tions. Each circuit performs either A plus Bor A minusBin = Ones complement or magnitude-only capability 
twos complement notation, but can also be used for magni- 

tude-only or ones complement operation. The 'F385 is de- 

signed for use with the 'F384 and 'F784 serial multipliers in 

implementing digital filters or butterfly networks in fast Fouri- 

er transforms. 


Ordering Code: see section 5 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


Sz By Ap Ay By 
a ea | 


Ay 8, Sy Ag By Sz Az By Sz Ay By Sy 





TL/F/9531-1 


IEEE/IEC 


TL/F/9531-3 


1 

2 
3 
4 
5 
6 
7 
8 
9 


o 


TL/F/9531-2 


TL/F/9531-5 
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Unit Loading/Fan Out: see section 2 for U.L. definitions 


Description 


A Operand Inputs 
B Operand Inputs 
Function Select Inputs 


Clock Pulse Input (Active Rising Edge) 


Asynchronous Master Reset Input (Active LOW) 


Sum or Difference Outputs 


Functional Description 


Each adder contains two edge-triggered flip-flops to store 
the sum and carry, as shown in the Logic Diagram. Flip-flop 
state changes occur on the rising edge of the Clock Pulse 
(CP) input signal. The Select (S) input should be LOW for 
the Add (A plus B) mode and HIGH for the Subtract (A mi- 
nus B) mode. A LOW signal on the asynchronous Master 
Reset (MR) input clears the sum flip-flop and resets the 
carry flip-flop to zero in the Add mode or presets it to one in 
the Subtract mode. 


Truth Table 


L 
H 


TrrtrMrrerrfjz~TiITIitrererreereilixkxK\P> 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


ZTITATTITTITTITIJRrrrerereeree 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

* = Inputs before CP transition, output after C 


54F/74F 


U.L. Input IyW/ ie 
HIGH/LOW Output lon/lo 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
50/33.3 —1mA/20 mA 


In the Subtract mode, the B operand is internally comple- 
mented. Presetting the carry flip-flop to one completes the 
twos complement transformation by adding one to ‘A plus 
B” during the first (LSB) operation after MR is released. For 
ones complement subtraction, the carry flip-flop can be set 
to zero by making S LOW during the reset, then making S 
HIGH after the reset but before the next clock. 


Lela rr leh ose Le ee 
[eee AS CAT mee SO ace saccade) et soa) came cee NE ON ce By en 


Subtract 


C; = Carry flip-flop state before (C) and after (C4) clock transition 
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Logic Diagram 


TO 3 OTHER 
ADDER/SUBTRACTORS 


5 
ADD/ 
SUBTRACT 


'>o 


TO 3 OTHER 
ADDER/SUBTRACTORS 


TL/F/9531-~4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Veg 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Parameter 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 
i 
los 
IcEx 


Power Supply Current 68 
IocL Power Supply Current 68 


*95 mA for 54F 


Symbol 
Min Typ 
VIH 
Vit 
Vcp 


VoH 


Voltage 





ICCH 


54F/74F 


NNN 
NOM 
| 
—_ 
Ls) 


ab 
rae: 


co 
* 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+ 4,5V to +5.5V 


Conditions 


= 
» 
x 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
log = —1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


= 
(=) 
Oo 


Vin = 0.5V 
VouT = 0V 
Vout = Voc 
Vo = HIGH 
Vo = LOW 


= = = 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta; Vcc = Mil Tas Vcc = Com 


Parameter Vcc = +5.0V C. = 50 pF 


Min Typ Max | Min Max | Min Max 
Maximum lock Frequency |_70 100 ae eee Fd 


Propagation Delay 3.5 6.0 8.0 3.0 10.0 3.5 9.0 
CP to F, 4.0 7.0 9.0 3.5 11.0 4.0 10.0 
Propagation Delay 

MR to Fp, 5.5 9.0 12.0 5.5 13.0 


AC Operating Requirements: see Section 2 for Waveforms 


7 
Ta = +25°C _ _ 
Parameter Veo = +5.0V Ta, Vcc = Mil Ta; Vec = Com 


Setup Time, HIGH or LOW 15.0 17.5 15.0 
An to CP 15.0 17.5 15.0 
Hold Time, HIGH or LOW 

An to CP 


Setup Time, HIGH or LOW 15.0 17.5 

By or S, to CP 15.0 17.5 

Hold Time, HIGH or LOW 

Bn or Sp, to CP 

CP Pulse Width 6.0 7.0 

HIGH or LOW 6.0 7.0 

WIR With, LOW ae ee 
RecoveryTime,MAtocP | 65 || 100 





6.0 
6.0 
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54F/74F395 


ADVANCED INFORMATION 


4-Bit Cascadable Shift Register 


with TRI-STATE® Outputs 


General Description 

The 'F395 is a 4-bit Shift Register with serial and parallel 
synchronous operating modes and four 3-state buffer out- 
puts. The shifting and loading operations are controlled by 
the state of the Parallel Enable (PE) input. When PE is 
HIGH, data is loaded from the Parallel Data inputs (Dg-D3) 
into the register synchronous with the HIGH-to-LOW tran- 
sition of the Clock input (CP). When PE is LOW, the data at 
the Serial Data input (Dg) is loaded into the Qo flip-flop, and 
the data in the register is shifted one bit to the right in the 
direction (Qo-Q4-Qs-Q3) synchronous with the negative 
clock transition. The PE and Data inputs are fully edge-trig- 
gered and must be stable only one setup prior to the HIGH- 
to-LOW transition of the clock. 


The Master Reset (MR) is an asynchronous Active LOW 
input. When LOW, the MR overrides the clock and all other 
inputs and clears the register. 

The TRI-STATE output buffers are designed to drive heavily 
loaded TRI-STATE buses or large capacitive loads. The Ac- 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9532-3 


an Dork wn ~ 


IEEE/IEC 


TL/F/9532-5 


tive LOW Output Enable (OE) controls all four TRI-STATE 
buffers independent of the register operation. The data in 
the register appears at the outputs when OE is LOW. The 
outputs are in the high impedance (OFF) state, which 
means they will neither drive nor load the bus when OE is 
HIGH. The output from the last stage is brought out sepa- 
rately. This output (Qg) is tied to the Serial Data input (Dg) of 
the next device for serial expansion applications. The Qs 
output is not affected by the TRI-STATE buffer operation. 


Features 

m@ 4-Bit parallel load shift register 

@ Independent TRI-STATE buffer outputs 
m Separate Q, output for serial expansion 
m Asynchronous master reset 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 
Dz Dy NC Dy Dy 
4 

Benn 





14 () fe) ©) fa) 
Qs Q3 NC Q, Q, 


TL/F/9532-2 


TL/F/9532~1 
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Mode Select-Function Tables 


Register 
Operating Modes 


= 
Tr | 
| 
bs ©} 
a) 
m 
fe] 
a 
o 
=o 
r | 
2 
© 
N° 
© 
ow 


r 
rc 


Reset (clear) 
Shift Right 


Parallel Load 


| Reset (clear) | ee ee Se 
H se L L x L q4 
H oe L H X H q4 

H H X L 

H X H 


(¢ 


TRISTATE Butter | inputs, | Outputs 
Operating Modes OE Q, (Register) Qo, Q1, Q2, Q3 


Qs 
Read L L 
H H 
Disable Buffers L Z 
H Z 


H = HIGH Voltage Level 
L = LOW Voltage Level 
Gn = Lower case letters indicate the state of the referenced output one setup time prior to the HIGH-to-LOW Clock Transition 





X = Immaterial 
Z = High Impedance 
“. = HIGH-to-LOW transition 


Logic Diagram 


Q3 Qc 
TL/F/9532-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F398 © 54F/74F399 
Quad 2-Port Register 


General Description 


The ’F398 and ’F399 are the logical equivalents of a quad 
2-input multiplexer feeding into four edge-triggered flip- 
flops. A common Select input determines which of the two 
4-bit words is accepted. The selected data enters the flip- 
flops on the rising edge of the clock. The ’F399 is the 16-pin 
version of the 'F398, with only the Q outputs of the flip-flops 
available. 


Ordering Code: see Sections 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


O5 ob Ith Ne 'on 
(5) (5) 4) 





loc He 4a 'od Q 
TL/F/9533-5 


lob tb NC tte loa 
[6] (5) 





15] 
loc Ne NC Nha lon 


TL/F/9533~7 


Features 

@ Select inputs from two data sources 

m Fully positive edge-triggered operation 

@ Both true and complement outputs—’F398 


Pin Assignment 
for DIP, SOIC and Flatpak 


oO Ont nner wan ~* 


_ 
oO 


1 

2 
3 
4 
5 
6 
7 
8 
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TL/F/9533-8 





Logic Symbols 


F398 IEEE/IEC 
"F398 


loa Ne 'ob |b loc Ne log Na 


Q, Q, Q, Q, Q, 


TL/F/9533-2 


loa Ne lob Nib 'oe Ne log Wa TL/F/9533-1 


TL/F/9533-4 


TL/F/9533-3 


« See Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input W/V. 
HIGH/LOW | Output lox/loL 


Common Select Input 1.0/1.0 20 pA/—0.6 mA 
Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 0 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 mA 
Register True Outputs 50/33.3 —1mA/20 mA 
Register Complementary Outputs (’F398) 50/33.3 —1mA/20 mA 





4-309 


66Ee86E 





398¢399 


Functional Description 


The ’F398 and ’F399 are high-speed quad 2-port registers. 
They select four bits of data from either of two sources 
(Ports) under control of a common Select input (S). The 
selected data is transferred to a 4-bit output register syn- 
chronous with the LOW-to-HIGH transition of the Clock in- 
put (CP). The 4-bit D-type output register is fully edge-trig- 
gered. The Data inputs (lox, 14) and Select input (S) must be 
stable only a setup time prior to and hold time after the 
LOW-to-HIGH transition of the Clock input for predictable 
operation. The ’F398 has both Q and Q outputs. 


Logic Diagram 


V 
Y 


“F398 Only 


Function Table 


= HIGH Voltage Level 

= LOW Voltage Level 

h = HIGH Voltage Level one setup time prior to the LOW-to-HIGH clock 
transition 

| = LOW Voltage Level one setup time prior to the LOW-to-HIGH clock 
transition 

X = Immaterial 

*'F398 only 


H 
L 


_ is. 


TL/F/9533-9 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Parameter 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Veltage 7AF 10% Yoo 


F 
Breakdown Test 
ht 


Power Supply Current (’F399) 22 
Power Supply Current (’F399) 22 


Symbol 
Typ 
ViH 
Vit 
Vcp 
VoH 


Voltage 





VoL 


—60 
ICEX 
IGCH 
loc 
ICCH 
Ioct 


54F/74F 


Min 


np 
o 


yp hy 
Noo 
2° 
P=4 ao 


(7) 


[o~) 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
loh = —1mMA 
loo = —1mMA 


lo. = 20mA 
lol = 20mA 


Vin = 2.7V 
VIN = 7.0V 


| 
_— 
i) 


Vin = 0.5V 
Vout = 0V 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGH 
Vo = LOW 


34/3 /3 /3 /F5 31 ~ 
siesepilis p|<| < [(<[<| 2 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C me 
Symbol Parameter Vec = +5.0V - par eg 
CL = 50 pF nea 
Min Typ Max | Min = Max | Min Max | 


Input Clock Frequency | 100 140 so | 00 | 


Propagation Delay 3.0* 5.7 7.5 3.0 9.5 3.0 8.5 
CP toQorQ 3.0 6.8 9.0 3.0 11.5 3.0 10.0 
“F398 3.3 ns 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


Setup Time, HIGH or LOW 4.5 
In to CP 4.5 
Hold Time, HIGH or LOW 1.0 41.5 1.0 
I, to CP 1.0 1.5 1.0 
Setup Time, HIGH or LOW 7.5 10.5 8.5 
S to CP (F398) 7.5 10.5 8.5 
8.5 
8.5 
4.0 4.0 
7.0 5.0 


Parameter Ta; Voc = Mil Tas Vcc = Com 


Setup Time, HIGH or LOW 7.5 
S to CP ('F399) 7.5 
Hold Time, HIGH or LOW 

S to CP 

CP Pulse Width 4.0 
HIGH or LOW 5.0 
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54F/74F401 
CRC Generator/Checker 


General Description 


The 'F401 Cycle Redundancy Check (CRC) Generator/ 
Checker provides an advanced tool for implementing the 
most widely used error detection scheme in serial digital 
data handling systems. A 3-bit control input selects one-of- 
eight generator polynomials. The list of polynomials in- 
cludes CRC-16 and CRC-CCITT as well as their reciprocals 
(reverse polynomials). Automatic right justification is incor- 
porated for polynomials of degree less than 16. Separate 
clear and preset inputs are provided for floppy disk and oth- 
er applications. The Error output indicates whether or not a 
transmission error has occurred. Another control input inhib- 
its feedback during check word transmission. The ’F401 is 
fully compatible with all TTL families. 


Ordering Code: see Section 5 


Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9534-4 


Features 

m Eight selectable polynomials 

m Error indicator 

m= Separate preset and clear controls 

m Automatic right justification 

@ Fully compatible with all TTL logic families 

m 14-pin package 

m 9401 equivalent 

g@ Typical applications: 
Floppy and other disk storage systems 
Digital cassette and cartridge systems 
Data communication systems 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


S1 NC MR NC Sp 
BOE EE 


Be 

(2 cP 
CONC 
EG Vee 
GER 


4 te 


TL/F/9534~1 CWENC D NC Q 


TL/F/9534-2 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Pin Names Description ULL. Input ha/he 
HIGH/LOW | Output lon/loL 


Polynomial Select Inputs 
Data Input 


Clock Input (Operates on HIGH-to-LOW Transition) 


Check Word Enable Input 

Preset (Active LOW) Input 
Master Reset (Active HIGH) Input 
Data Output 

Error Output 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 

The ’F401 is a 16-bit programmable device which operates 
on serial data streams and provides a means of detecting 
transmission errors. Cyclic encoding and decoding schemes 
for error detection are based on polynomial manipulation in 
modulo arithmetic. For encoding, the data stream (message 
polynomial) is divided by a selected polynomial. This divi- 
sion results in a remainder which is appended to the mes- 
sage as check bits. For error checking, the bit stream con- 
taining both data and check bits is divided by the same se- 
lected polynomial. If there are no detectable errors, this divi- 
sion results in a zero remainder. Although it is possible to 
choose many generating polynomials of a given degree, 
standards exist that specify a small number of useful poly- 
nomials. The ’F401 implements the polynomials listed in Ta- 
ble | by applying the appropriate logic levels to the select 
pins So, S; and So. 

The 'F401 consists of a 16-bit register, a Read Only Memory 
(ROM) and associated control circuitry as shown in the 
block diagram. The polynomial contro! code presented at 
inputs So, S; and So is decoded by the ROM, selecting the 
desired polynomial by establishing shift mode operation on 
the register with Exclusive OR gates at appropriate inputs. 
To generate the check bits, the data stream is entered via 
the Data inputs (D), using the HIGH-to-LOW transition of the 


Clock input (CP). This data is gated with the most significant 
output (Q) of the register, and controls the Exclusive OR 
gates (Figure 1). The Check Word Enable (CWE) must be 
held HIGH while the data is being entered. After the last 
data bit is entered, the CWE is brought LOW and the check 
bits are shifted out of the register and appended to the data 
bits using external gating (Figure 2). 


To check an incoming message for errors, both the data 
and check bits are entered through the D input with the 
CWE input held HIGH. The ’F401 is not in the data path, but 
only monitors the message. The Error Output becomes valid 
after the last check bit has been entered into the 'F401 bya 
HIGH-to-LOW transition of CP. If no detectable errors have 
occurred during the data transmission, the resultant internal 
register bits are all LOW and the Error Output (ER) is LOW. 
If a detectable error has occurred, ER is HIGH. 


A HIGH on the Master Reset input (MR) asynchronously 
clears the register. A LOW on the Preset input (P) asynchro- 
nously sets the entire register if the control code inputs 
specify a 16-bit polynomial; in the case of 12- or 8-bit check 
polynomials only the most significant 12 or 8 register bits 
are set and the remaining bits are cleared. 


TABLE | 


Select Code 


x8 + 1 


fT OSE) pe ae OS Oa pee cl 
elena te 


L 
L 
L 
L 
H 
H 
H 
H 


Block Diagram 


POLYNOMIAL 
SELECT 


CHECK 
WORD 
ENABLE 


PRESET 


DATA 
CLOCK 


MASTER 
RESET 


Polynomial 


X16 + X15 + X24 4 
X16 + X144X414 
X16 + X15 + X13 + X7 + X44 X24 X14 1 
X12 + X11 + X34 X24 X41 

XB + X7+XS+X44X44 


X16 + X12 + X5 +4 
X16 + X11 + X44 1 


ERROR 


Remarks 


CRC-16 
CRC-16 REVERSE 


CRO-12 
LRC-8 


CRC-CCITT 
CRC-CCITT REVERSE 


DETECTOR 
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TL/F/9534-5 





FIGURE 1. Equivalent Circuit for X16 + X15 + X2+ 1 


CHECK WORD 
a ees (i) 
(NOTE 1 AND 3) . 


c= 
P cw 
D F401 


CRC 
GENERATOR/ 


o cP CHECKER 


NOTE 2 


FIGURE 2. Check Word Generation 


Note 1: Check word Enable is HIGH while data is being clocked, LOW while transmission of check bits. 
Note 2: 'F401 must be reset or preset before each computation. 
Note 3: CRC check bits are generated and appended to data bits. 
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DATA PLUS 
CHECK BITS 


TL/F/9534-7 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias —5§5°C to + 175°C 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions is not implied. 
54F/74F 
Voc 
Min Typ Max 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 

Vin Input HIGH Voltage lao (ati (itl | Recognized as a HIGH Signal 

Vit Input LOW Voltage | os | | Recognized as a LOW Signal 
Input Clamp Diode Voltage ft. | ov | min | lin = —18mA 


Output HIGH 54F 10% Voc | 2.5 low = —1mA 
74F 10% Voc | 2.5 lon = —1mA 
74F 5% Vog | 2.7 low = —1mA 


54F 10% ey ee min | = 20mA 
Voltage 74F 10% ey ee min | = 20mA 


Input HIGH Current fim” ___twvonsl 8s |» [ow Vin = 2.7V 
ema fo 
Breakdown Test 

Input LOW Current JinputLowCurrent = sts—‘<—~dSCi(i‘és*‘« | ma | Max | 
[Output Short-Circuit Curent | 60-180 | mA _| Max| Vour = OV 


Output HIGH Leakage Current | 250 | pA | Max’ Vout = Vcc 
Power Supply Current 70 8105 | ma | Max, Vo = HIGH 


Supply Voltage 
Military 
Commercial 


+4.5V to +5.5V 
+ 4,5V to +5.5V 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter Conditions 


Vop 
VoH 


Voltage 





Output LOW 


Vin = 0.5V 





4-316 


AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Veco = +5.0V 


Min Typ Max | Min Max | Min Max_| 
Maximum@iock Frequency | too ||| MH 


Propagation Delay 4.5 
CP toQ 


Ta; Vcc = Mil 


Propagation Delay 
MR to Q 


Propagation Delay 
PtoQ 


Propagation Delay 
MR to ER 


Propagation Delay 
PtoER 


Propagation Delay 
CP to ER 


Ta = +25°C 
Vec = + 5.0V 


Set-up Time, HIGH or LOW 

D to CP 

Set-up Time, HIGH or LOW 4.0 4.5 

CWE to CP 4.0 4.5 

Hold Time, HIGH or LOW 2.0 

D and CWE to CP 2.0 

PPulsowidthow | 70 = | | 
Clock Pulse Width, 5.0 6.0 

HIGH or LOW 5.0 6.0 
MRPulsewidth, HGH | 50 | | 
Recovery Time 

MR to CP ee ee eee 
Recovery Time 

P to CP 


Parameter Ta, Voc = Mil Ta, Voc = Com 
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Semiconductor 


54F/74F402 Serial Data Polynomial 
Generator/Checker 


General Description 


The ’F402 expandable Serial Data Polynomial generator/ 
checker is an expandable version of the 'F401. It provides 
an advanced tool for the implementation of the most widely 
used error detection scheme in serial digital handling sys- 
tems. A 4-bit control input selects one-of-six generator poly- 
nomials. The list of polynomials includes CRC-16, CRC- 
CCITT and Ethernet®, as well as three other standard poly- 
nomials (56th order, 48th order, 32d order). Individual clear 
and preset inputs are provided for floppy disk and other 
applications. The Error output indicates whether or not a 
transmission error has occurred. The CWG Control input 
inhibits feedback during check word transmission. The 
’F402 is compatible with FAST® devices and with all TTL 
families. 


Ordering Code: see Section 5 
Logic Symbol 


On 7m ee Wh 


TL/F/9535-4 


Features 

m@ Guaranteed 30 MHz data rate 

m Six selectable polynomials 

m Other polynomials available 

m Separate preset and clear controls 

m Expandable 

@ Automatic right justification 

m Error output open collector 

@ Typical applications: 
Floppy and other disk storage systems 
Digital cassette and cartridge systems 
Data communication systems 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


Pin Assignment 
for LCC and PCC 


RFBCWGNC D MR 


ER [t2] 
RO £3) 





LFA 
ft) 
D/CW S3 NC Sy Sy 
TL/F/9535-2 


TL/F/9535-1 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description 


Polynomial Select Inputs 
Check Word Generate Input 
Serial Data/Check Word 
Data Input 


Error Output 

Register Output 

Clock Pulse 

Serial Expansion Input 
Register Feedback 
Master Reset 

Preset 


*Open Collector 


Functional Description 


The ’F402 Serial Data Polynomial Generator/Checker is an 
expandable 16-bit programmable device which operates on 
serial data streams and provides a means of detecting 
transmission errors. Cyclic encoding and decoding schemes 
for error detection are based on polynomial! manipulation in 
modulo arithmetic. For encoding, the data stream (message 
polynomial) is divided by a selected polynomial. This divi- 
sion results in a remainder (or residue) which is appended to 
the message as check bits. For error checking, the bit 
stream containing both data and check bits is divided by the 
same selected polynomial. If there are no detectable errors, 


this division results in a zero remainder. Although it is possi- 
ble to choose many generating polynomials of a given de- 
gree, standards exist that specify a small number of useful 
polynomials. The ’F402 implements the polynomials listed in 
Table | by applying the appropriate logic levels to the select 
pins So, $1, Se and Sz. 


The ’F402 consists of a 16-bit register, a Read Only Memory 
(ROM) and associated control circuitry as shown in the 
Block Diagram. The polynomial contro! code presented at 
inputs So, S;, Se and S3 is decoded by the ROM, selecting 
the desired polynomial or part of a polynomial by establish- 
ing shift mode operation on the register with Exclusive OR 
(XOR) gates at appropriate inputs. To generate the check 
bits, the data stream is entered via the Data Inputs (D), us- 
ing the LOW-to-HIGH transition of the Clock Input (CP). This 
data is gated with the most significant Register Output (RO) 
via the Register Feedback Input (RFB), and controls the 
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U.L. Input Iyy/Ii, 
HIGH/LOW Output Ion/loL 


1.0/0.67 
1.0/0.67 
285(100)/13.3(6.7) 
1.0/0.67 
*/26.7(13.3) 
285(100)/13.3(6.7) 
1.0/0.67 
1.0/0.67 
1.0/0.67 
1.0/0.67 
1.0/0.67 


20 pA/—0.4 mA 
20 pA/—0.4 mA 
—5.7 mA(—2 mA)/8 mA (4 mA) 
20 pA/—0.4 mA 
*/16 mA (8 mA) 
—5.7 mA(—2 mA)/8 mA (4 mA) 
20 pA/—0.4 mA 
20 pA/-—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 


XOR gates. The Check Word Generate (CWG) must be held 
HIGH while the data is being entered. After the last data bit 
is entered, the CWG is brought LOW and the check bits are 
shifted out of the register(s) and appended to the data bits 
(no external gating is needed). 


To check an incoming message for errors, both the data 
and check bits are entered through the D Input with the 
CWG Input held HIGH. The Error Output becomes valid af- 
ter the last check bit has been entered into the ’F402 by a 
LOW-to-HIGH transition of CP, with the exception of the 
Ethernet polynomial (see Applications paragraph). If no de- 
tectable errors have occurred during the data transmission, 
the resultant internal register bits are all LOW and the Error 
Output (ER) is HIGH. If a detectable error has occurred, ER 
is LOW. ER remains valid until the next LOW-to-HIGH tran- 
sition of CP or until the device has been preset or reset. 

A HIGH on the master Resel Input (iviA) asynchronously 
clears the entire register. A LOW on the Preset Input (P) 
asynchronously sets the entire register with the exception 
of: 


1 The Ethernet residue selection, in which the registers 
containing the non-zero residue are cleared; 

2 The 56th order polynomial, in which the 8 least significant 
register bits of the least significant device are cleared; 
and, 


3 Register S=0, in which all bits are cleared. 
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Select Code 
$4 So 


rrjrrtir |’ 
xrJxrxr|jrrl{rliyY’ 


L 
L 
L 
H 
L 
H 
L 


ToirrrfJrr LDTILTILTILTTiIrre {|e 


Ze eee eee ie 
mre SS rere eer ES ae a a ee |e 


rPol-on!l/wMWaANDOIDOINIMMIVaOa!/oO 


=r 
rT 


Block Diagram 


Polynomial 
Select 


Preset 
Master Reset 


Data 

Checkword 
Generate 

Register Feedback 


Serial Input 


Clock 


TABLE | 


Polynomial Remarks 


S=0 


X32 + X26+4 X23 + X224 K164 Ethernet 
X124 X11 4 X10 +4 X8+ X74 X5+ X44X24+X+1 Polynomial 


X32-+ X31 + X27 + X26 + X25 + X19 + X164 Ethernet 
X15 +4 X13 4+ X124 X11 4+ X9+ X74 X64 X5+ X44 X2+X+1 Residue 


X16 4 X154 x24 4 CRC-16 
X164 X124 X54 4 CRC-CCITT 


X56 + X55 + X49-+ X45+ X41 + 

X39-+ X38 + X37 + X36+ X31 + 56th 
X22-+X19-+ X17 + X16 + X15 + X14 4 X12-4 X11-+ X9+ Order 
X5+X+1 

X48 + X36 + X35+ 

X234 X21 4 

X15+ X13 + X8+ X2+1 


X82+ X23-4 X21 + 
X114X244 





CONTROL 


Data/Checkword 


16 BIT REGISTER 


Register Output 


ERROR 


petector «FR 


TL/F/9535-5 
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TABLE II 


Oo 


Co Polynomial 


Ethernet 
Polynomial 


Ethernet 
Residue 


ORC-16 


0 
1 
1 
0 
0 
1 
1 


ee a, a a 


0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


resp 


Applications 


In addition to polynomial selection there are four other ca- 
pabilities provided for in the 'F402 ROM. The first is set or 
clear selectability. The sixteen internal registers have the 
capability to be either set or cleared when P is brought 
LOW. This set or clear capability is done in four groups of 4 
(see Table Il, P9-P3). The second ROM capability (Co) is in 
determining the polarity of the check word. As is the case 
with the Ethernet polynomial the check word can be invert- 
ed when it is appended to the data stream or as is the case 
with the other polynomials, the residue is appended with no 
inversion. Thirdly, the ROM contains a bit (C;) which is used 
to select the RFB input instead of the SEI input to be fed 
into the LSB. This is used when the polynomial selected is 
actually a residue (least significant) stored in the ROM 
which indicates whether the selected location is a polynomi- 
al or a residue. If the latter, then it inhibits the RFB input. 


As mentioned previously, upon a successful data transmis- 
sion, the CRC register has a zero residue. There is an ex- 
ception to this, however, with respect to the Ethernet poly- 
nomial. This polynomial, upon a successful data transmis- 
sion, has a non-zero residue in the CRC register (C7 04 DD 
7B)1¢. In order to provide a no-error indication, two ROM 
locations have been preloaded with the residue so that by 
selecting these locations and clocking the device one addi- 
tional time, after the last check bit has been entered, will 
result in zeroing the CRC register. In this manner a no-error 
indication is achieved. 


With the present mix of polynomials, the largest is 56th or- 
der requiring four devices while the smallest is 16th order 
requiring just one device. In order to accommodate multi- 
plexing between high order polynomials (X 16th order) and 
lower order polynomials, a location of all zeros is provided. 
This allows the user to choose a lower order polynomial 
even if the system is configured for a higher order one. 
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The ’F402 expandable CRC generator checker contains 6 
popular CRC polynomials, 2-16th Order, 2-32nd Order, 1- 
4sth Order and 1-56th Order. The application diagram 
shows the 'F402 connected for a 56th Order polynomial. 
Also shown are the input patterns for other polynomials. 
When the 'F402 is used with a gated clock, disabling the 
clock in a HIGH state will ensure no erroneous clocking 
occurs when the clock is re-enabled. Preset and Master Re- 
set are asynchronous inputs presetting the register to S or 
clearing to 1s respectively (note Ethernet residue and 56th 
Order select code 8, LSB, are exceptions to this). 


To generate a CRC, the pattern for the selected polynomial 
is appiicd to tha S inputs, tha register is preset or cleared as 
required, clock is enabled, CWG is set HIGH, data is applied 
to D input, output data is on D/CW. When the last data bit 
has been entered, CWG is set LOW and the register is 
clocked for n bits (where n is the order of the polynomial). 
The clock may now be stopped if desired (holding CWG 
LOW and clocking the register will output zeros from D/CW 
after the residue has been shifted out). 


To check a CRC, the pattern for the selected polynomial is 
applied to the S inputs, the register is preset or cleared as 
required, clock is enabled, CWG is set HIGH, the data 
stream including the CRC is applied to D input. When the 
last bit of the CRC has been entered, the ER output is 
checked: HIGH=error free data, LOW=corrupt data. The 
clock may now be stopped if desired. 


To implement polynomials of lower order than 56th, select 
the number of packages required for the order of polynomial 
and apply the pattern for the selected polynomial to the S 
inputs (0000 on S inputs disables the package from the 
feedback chain). 
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Applications (Continued) 


Data /CRC 
Serial Data 
Clock 
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56th Order 


48th Order 
32nd Order 
Ethernet 
Ethernet Residue 
ly CRC=16 
rence 


1 
0 
1 


Error Output 
Serial Data Out 


Zero Register 
Initialize Register 


TL/F/9535-6 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


VIH 
ViL 


Input HIGH Voltage 
Input LOW Voltage 


Vcp 


VOoH Output HIGH 


Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Vcc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 


Output LOW 
Voltage 


VoL 


ipmiiaee: orale 
Input HIGH Current 

Seema” | | | 
P04 | ma Max | 
| Output Shor-Circuit Curent | 20130 | mA_| Max | 
Coen ee a aE a FS 


ae 


Power Supply Current | to 865 | ma 


li | inputLOwCurrent = LOW Current 


IcEX 


Open Collector, Output 
OFF Leakage Test 


loHC 


loc 


input Clamp Diode Vottage pnt VL in| 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
o°c to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


54F/74F 


Vcc Conditions 


Max 
tl Recognized as a HIGH Signal 


Lv 
oe Recognized as a LOW Signal 


lin = —18mA 


lon = —2mA (RO, D/CW) 
lo = —5.7 mA (RO, D/CW) 
lo = —5.7 mA (RO, D/CW) 


lo. = 4mA (D/CW, RO) 
lo. = 8 mA (ER) 
lo. = 16 mA (ER) 

= 8 mA (D/CW, RO) 


= 2.7V 
= 7.0V 


Vin = 0.5V 
Vout = 0V (D/GW, RO) 
Vout = Vcc (RO, D/CW) 
Vout = Vcc (ER) 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Ta = +25°C 
Veo = +5. ov 


Tas Vec = Com 


CL = 


50 pF 


Maximum Glock Frequency ee 
8.5 7.5 ‘ : 


Propagation Delay 
CP to D/CW 
Propagation Delay 
CP to RO 
Propagation Delay 
CP toER 
Propagation Delay 
P to D/CW 


11.0 
11.5 


15.0 
18.0 


13.5 
14.0 


26.0 
14.5 


18.5 
19.5 


19.0 
23.0 


17.0 
18.0 


33.0 
18.5 


23.5 
24.5 


10.0 
10.5 


26.5 
26.5 


26.0 
22.5 


38.5 
23.5 


31.0 
32.0 


10.0 
10.5 


21.0 
25.0 


19.0 
20.0 


35.0 
20.5 


25.5 
26.5 


Propagation Delay 
FtoRO 9.5 16.0 20.5 


Propagation Delay 
PtoEA 10.0 17.0 21.5 9.0 26.0 
9.5 9.5 


Propagation Delay 
MR to D/CW 


10.0 10.0 
Propagation Delay 
MR to RO 9.0 15.5 19.5 8.0 21.5 
Propagation Delay 
MR to ER 16.5 28.0 35.5 14.5 39.0 14.5 37.5 
: : 5.0 : : 


Propagation Delay 
D to D/CW 
Propagation Delay 
CWG to D/CW 
Propagation Delay 
S, to D/CW 


10.5 
11.0 


7 


11.5 
9.5 


18.0 
19.0 


10.5 
12.0 


11.0 
12.0 


19.5 
16.0 


23.0 
24.0 


13.5 
16.0 


14.0 
15.5 


24.5 
20.0 
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6.0 


9.0 
8.5 


29.0 
28.5 


19.5 
20.0 


21.5 
21.5 


29.0 
25.0 


res 
ge 


25.5 
26.0 


15.0 
18.0 


15.5 
17.5 


26.5 
22.0 





AC Operating Requirements: See Section 2 for Waveforms 


74F 


Ta = +25°C 
Vcc = + 5.0V 


74F 


Symbol Parameter Ta; Voc = Mil Ta, Voc = Com 


ts(H) Setup Time, HIGH or LOW 6.0 

ts(L) SEI to CP 6.0 

th(H) Hold Time, HIGH or LOW 

th(L) SEI to CP 

ts(H) Setup Time, HIGH or LOW 11.0 14.0 12.5 
ty(L) RFB to CP 11.0 14.0 12.5 
th(H) Hold Time, HIGH or LOW 

ty(L) RFB to CP 

ts(H) Setup Time, HIGH or LOW 13.5 16.0 15.0 
ts(L) S; to CP 13.0 15.5 14.5 
th(H) Hold Time, HIGH or LOW 

th(L) S;toCP 

ts(H) Setup Time, HIGH or LOW 9.0 11.5 10.0 

ts(L) D to CP 9.0 11.5 10.0 

th(H) Hold Time, HIGH or LOW 

th(L) DtoCP 

ts(H) Setup Time, HIGH or LOW 7.0 9.0 8.0 

ts(L) CWG to CP 5.5 8.0 6.5 

th(H) Hold Time, HIGH or LOW 

th(L) CWG to CP 


tw(H) | Clock Pulse Width 4.0 7.0 4.5 
twit) | HIGH or LOW 4.0 5.0 4.5 
tw) | MRPulsowidt HIGH [| 40 | 7o | sf 


ty(L) P Pulse Width, LOW 4.0 


4 
trec Recovery Time 

MR to CP 
trec Recovery Time 

P to CP 
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National 
Semiconductor 


54F/74F403 


First-In First-Out (FIFO) Buffer Memory 


General Description 

The ’F403 is an expandable fall-through type high-speed 
First-In First-Out (FIFO) Buffer Memory optimized for high- 
speed disk or tape controllers and communication buffer 
applications. It is organized as 16-words by 4-bits and may 
be expanded to any number of words or any number of bits 
in multiples of four. Data may be entered or extracted asyn- 
chronously in serial or parallel, allowing economical imple- 
mentation of buffer memories. 

The 'F403 has TRI-STATE® outputs which provide added 
versatility and is fully compatible with all TTL families. 


Ordering Code: see Section 5 
Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 
9 


—_ 
no — O&O 


TL/F/9536-2 


Features 

@ Serial or parallel input 

m Serial or parallel output 

m Expandable without external logic 

m@ TRI-STATE outputs 

m Fully compatible with all TTL families 
@ Slim 24-pin package 

m 9403 replacement 


Pin Assignment 
for LCC and PCC 


IES CPSID, NC Dz Dy Dy 
(4) (to) (2) (8) 7) Ce) [5] 
ed 


Tis [12] 


GND 


CPSO OE Qs NC Q) Q; Qo 
TL/F/9536-3 
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Logic Symbol 


TL/F/9536-1 


54F/74F 


Description U.L. Input Eyy/Ty, 
HIGH/LOW Output Ion/loL 


Parallel Data Inputs 1.0/0.667 20 pA/400 pA 
Serial Data Input 1.0/0.667 20 pA/400 pA 
Parallel Load Input 1.0/0.667 20 2A/400 pA 
Serial Input Clock 1.0/0.667 20 pA/400 pA 
Serial Input Enable 1.0/0.667 20 pA/400 pA 
Tranefer to Stack Input 1.0/0.€S7 20 pA/4C9 pA 
Serial Output Enable 1.0/0.667 20 pA/400 pA 
Transfer Out Serial 1.0/0.667 20 pA/400 pA 
Transfer Out Parallel 1.0/0.667 20 pA/400 pA 
Master Reset 1.0/0.667 20 pA/400 pA 
Output Enable 1.0/0.667 20 pA/400 pA 
Serial Output Clock 1.0/0.667 20 A/400 pA 
Parallel! Data Outputs 285/26.7 5.7 mA/16 mA 
Serial Data Output 285/26.7 5.7 mA/16 mA 
Input Register Full 20/13.3 — 400 pA/8 mA 
Output Register Empty 20/13.3 — 400 pA/8 mA 
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Block Diagram 


INPUT 
CONTROL 


STACK 
CONTROL 


OUTPUT 
CONTROL 


Functional Description 


As shown in the block diagram the ’F403 consists of three 
sections: 


1. An Input Register with parallel and serial data inputs as 
well as control inputs and outputs for input handshaking 
and expansion. 


2. A 4-bit wide, 14-word deep fall-through stack with self- 
contained control logic. 


3. An Output Register with parallel and serial data outputs 
as well as control inputs and outputs for output hand- 
shaking and expansion. 

Since these three sections operate asynchronously and al- 

most independently, they will be described separately be- 

low. 


INPUT REGISTER (DATA ENTRY) 


The Input Register can receive data in either bit-serial or in 
4-bit parallel form. It stores this data until it is sent to the fall- 
through stack and generates the necessary status and con- 
trol signals. 


Figure 7 is a conceptual logic diagram of the input section. 
As described later, this 5-bit register is initialized by setting 
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INPUT DATA 
INPUT REGISTER 


OUTPUT REGISTER 
OUTPUT DATA 


TL/F/9536-4 


the Fs; flip-flop and resetting the other flip-flops. The Q out- 
put of the last flip-flop (FC) is brought out as the ‘Input Reg- 
ister Full’ output (IRF). After initialization this output is HIGH. 


Parallel Entry—A HIGH on the PL input loads the Do-D3 
inputs into the Fo—Fs flip-flops and sets the FC flip-flop. This 
forces the IRF output LOW indicating that the input register 
is full. During parallel entry, the CPSI input must be LOW. If 
parallel expansion is not being implemented, IES must be 
LOW to establish row mastership (see Expansion section). 


Serial Entry—Data on the Dg input is serially entered into 
the F3, Fa, Fy, Fo, FC shift register on each HIGH-to-LOW 
transition of the CPSI clock input, provided IES and PL are 
LOW. 


After the fourth clock transition, the four data bits are locat- 
ed in the four flip-flops, Fo-F3. The FC flip-flop is set, forc- 
ing the IRF output LOW and internally inhibiting CPSI clock 
pulses from affecting the register, Figure 2 illustrates the 
final positions in a ’F403 resulting from a 64-bit serial bit 
train. Bo is the first bit, Bgg the last bit. 





Functional Description (continued) 


INPUT REG—> STACK —— 
(PULSE DERIVED FROM TTS) 


DATA INPUTS TO STACK 


TL/F/9536-5 


FIGURE 1. Conceptual Input Section 


Do 


INPUT 
REGISTER 


OUTPUT 
REGISTER 


Qs % Q Qs 
TL/F/9536-6 
FIGURE 2. Final Positions In a ’F403 Resulting from a 
64-Bit Serial Train 
Transfer to the Stack—The outputs of Flip-Flops Fo-F3 
feed the stack. A LOW level on the TTS input initiates a ‘fall- 
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through’ action. If the top location of the stack is empty, 
data is loaded into the stack and the input register is re-ini- 
tialized. Note that this initialization is postponed until PL is 
LOW again. Thus, automatic FIFO action is achieved by 
connecting the IRF output to the TTS input. 


An RS Flip-Flop (the Request Initialization Flip-Flop shown 
in Figure 10) in the control section records the fact that 
data has been transferred to the stack. This prevents multi- 
ple entry of the same word into the stack despite the fact 
the IRF and TTS may still be LOW. The Request Initializa- 
tion Flip-Flop is not cleared until PL goes LOW. Once in the 
stack, data falls through the stack automatically, pausing 
only when it is necessary to wait for an empty next location. 
In the ’F403 as in most modern FIFO designs, the MR input 
only initializes the stack contro! section and does not clear 
the data. 


OUTPUT REGISTER (DATA EXTRACTION) 


The Output Register receives 4-bit data words from the bot- 
tom stack location, stores it and outputs data on a TRI- 
STATE 4-bit parallel data bus or on a TRI-STATE serial data 
bus. The output section generates and receives the neces- 
sary status and control signals. Figure 3 is a conceptual 
logic diagram of the output section. 





€0r 





403 


Functional Description (Continued) 
ra: OUTPUT FROM STACK ——I 


LOAD FROM STACK 


INITIALIZE 


s 
D Q 


|e re re eal 
es ee et 
a a a 


Ey, 


Qs 
OUTPUT DATA 
TL/F/9536-7 


FIGURE 3. Conceptual Output Section 


Parallel Data Extraction—When the FIFO is empty after a 
LOW pulse is applied to MR, the Output Register Empty 
(ORE) output is LOW. After data has been entered into the 
FIFO and has fallen through to the bottom stack location, it 
is transferred into the Output Register provided the ‘Trans- 
fer Out Parallel’ (TOP) input is HIGH. As a result of the data 
transfer ORE goes HIGH, indicating valid data on the data 
outputs (provided the TRI-STATE buffer is enabled). TOP 
can now be used to clock out the next word. When TOP 
goes LOW, ORE will go LOW indicating that the output data 
has been extracted, but the data itself remains on the output 
bus until the next HIGH level at TOP permits the transfer of 
the next word (if available) into the Output Register. During 
parallel data extraction CPSO should be LOW. TOS should 
be grounded for single slice operation or connected to the 
appropriate ORE for expanded operation (see Expansion 
section). 

TOP is not edge triggered. Therefore, if TOP goes HIGH 
before data is available from the stack, but data does be- 
come available before TOP goes LOW again, that data will 
be transferred into the Output Register. However, internal 
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control circuitry prevents the same data from being trans- 
ferred twice. If TOP goes HIGH and returns to LOW before 
data is available from the stack, ORE remains LOW indicat- 
ing that there is no valid data at the outputs. 


Serial Data Extraction—When the FIFO is empty after a 
LOW pulse is applied to MR, the Output Register Empty 
(ORE) output is LOW. After data has been entered into the 
FIFO and has fallen through to the bottom stack location, it 
is transferred into the Output Register provided TOS is LOW 
and TOP is HIGH. As a result of the data transfer ORE goes 
HIGH indicating valid data in the register. The TRI-STATE 
Serial Data Output, Qs, is automatically enabled and puts 
the first data bit on the output bus. Data is serially shifted 
out on the HIGH-to-LOW transition of CPSO. To prevent 
false shifting, CPSO should be LOW when the new word is 
being loaded into the Output Register. The fourth transition 
empties the shift register, forces ORE output LOW and dis- 
ables the serial output, Qg (refer to Figure 3). For serial 
operation the ORE output may be tied to the TOS input, 
requesting a new word from the stack as soon as the previ- 
ous one has been shifted out. 





Functional Description (continued) 
EXPANSION (15n+ 1)-words by 4-bits can be constructed, where n is the 


Vertical Expansion—The 'F403 may be vertically expand- number of devices. Note that expansion does not sacrifice 
ed to store more words without external parts. The intercon- any of the ’F403's flexibility for serial/parallel input and out- 


nection is necessary to form a 46-word by 4-bit FIFO are put. 
shown in Figure 4. Using the same technique, and FIFO of 


PARALLEL DATA IN 


SERIAL DATA IN 


SERIAL INPUT CLOCK IRF PV 


ORE jO 


aaa 
ff PL Dg Ds D2D,D 
ols SYS °2™1KO 


SERIAL OUTPUT CLOCK DATA VALID 


OUTPUT ENABLE 


SERIAL 


DATA 
OUTPUT 


PARALLEL 
DATA 
OUT 


FIGURE 4. A Vertical Expansion Scheme 


TL/F/9536-8 
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Functional Description (continue) 


Horizontal and Vertical Expansion—The ’F403 can be ex- 
panded in both the horizontal and vertical directions without 
any external parts and without sacrificing any of its FIFO’s 
flexibility for serial/parallel input and output. The intercon- 
nections necessary to form a 31-word by 16-bit FIFO are 
shown in Figure 6. Using the same technique, any FIFO of 
(15m-+ 1)-words by (4n)-bits can be constructed, where m is 
the number of devices in a column and n is the number of 
devices in a row. Figures 7 and 8 show the timing diagrams 
for serial data entry and extraction for the 31-word by 16-bit 
FIFO shown in Figure 6. The final position of data after seri- 
al insertion of 496 bits into the FIFO array of Figure 6 is 
shown in Figure 9. 


Interlocking Circuitry—Most conventional FIFO designs 
provide status signals analogous to IRF and ORE. However, 
when these devices are operated in arrays, variations in unit 
to unit operating speed require external gating to assure all 
devices have completed an operation. The 'F403 incorpo- 
rates simple but effective ‘master/slave’ interlocking circuit- 
ry to eliminate the need for external gating. 


In the F403 array of Figure 6 devices 1 and 5 are defined as 
‘row masters’ and the other devices are slaves to the mas- 
ter in their row. No slave in a given row will initialize its Input 
Register until it has received LOW on its IES input from a 
row master or a slave of higher priority. 


In a similar fashion, the ORE outputs of slaves will not go 
HIGH until their OES inputs have gone HIGH. This interlock- 


ing scheme ensures that new input data may be accepted 
by the array when the IRF output of the final slave in that 
row goes HIGH and that output data for the array may be 
extracted when the ORE of the final slave in the output row 
goes HIGH. 


The row master is established by connecting its IES input to 
ground while a slave receives its TES input from the IRF 
output of the next higher priority device. When an array of 
’F403 FIFOs is initialized with a LOW on the MR inputs of all 
devices, the IRF outputs of all devices will be HIGH. Thus, 
only the row master receives a LOW on the IES input during 
initialization. Figure 10 is a conceptual logic diagram of the 
internal circuitry which determines master/slave operation. 
Whenever MR and JES are LOW, the Master Latch is set. 
Whenever TTS goes LOW the Request Initialization Flip- 
Flop will be set. If the Master Latch is HIGH, the Input Reg- 
ister will be immediately initialized and the Request Initializa- 
tion Flip-Flop reset. If the Master Latch is reset, the Input 
Register is not initialized until IES goes LOW. In array opera- 
tion, activating the TTS initiates a ripple input register initiali- 
zation from the row master to the last slave. 

A similar operation takes place for the output register. Either 
a TOS or TOP input initiates a load-from-stack operation 
and sets the ORE Request Flip-Flop. If the Master Latch is 
set, the last Output Register Flip-Flop is set and ORE goes 
HIGH. If the Master Latch is reset, the ORE output will be 
LOW until an OES input is received. 


SSS EE OE 


Ds Dz Dy Do 


D7 Dg Ds D4 


Dy 1 Dio Dg Dg 


OREO 
O) 
i 
ibe hp tL oF ) 
ttt —+ tt | | | | 
ee 0 eee ee 


Q3 Qo Q4 Q% 


Q7 Q5 Os Qy 


Q44 249 A Qs 


PARALLEL DATA OUTPUT 


TL/F/9536-9 


FIGURE 5. A Horizontal Expansion Scheme 
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Functional Description (continuea) 


PARALLEL DATA INPUT 
Ds D2 Dy Do D7 Dg 05D, Dy 1049 Dg Og D504 4013042 
SERIAL DATA INPUT 


PARALLEL LOAD GE eae 0 ee FE 
INPUT e.0ex 0 ea 0 0 ee 


Fz Dz Dp 0, D PL De Dx Do Dy D 
a TFL Ds 0502 Dy 


IRF 


4 ORE 
03. 04 Op Qs | 
| 
aa 


OUTPUT ENABLE SERIAL 
oureur crock, of {| CT DATA 
DUMP Be eee 0 0 et ee Es ee OUTPUT 


Q3Q4 Q, Q Q7 Og O5 Q, Q44 19 Qg Qs Q45 944943042 
PARALLEL DATA OUTPUT ————$_$_—>$_$_$_$_$_$_—$—$—_— 


TL/F/9536-10 
FIGURE 6. A 31 x 16 FIFO Array 
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Functional Description (continueg) 


DEVICE 1 


DEVICE 4/TTS ALL DEVICES 
IRF 
meso fst 2{sfa{s]| si 7]e | {o] mf] is] | ss | 
pits _° 4 7 14 
a 2 


es 
STORE IN STORE IN STORE IN STORE IN 
DEVICE 1 DEVICE 2 DEVICE 3 DEVICE 4 
TL/F/9536-11 


FIGURE 7. Serial Data Entry for Array of Figure 6 


DEVICE 8, TOS ALL DEVICES 


SERIAL DATA OUTPUT 


| J a | as [a | a} op] es} a fo fe | a |] % | oe | 05 | 


DEVICE 5 DEVICE 6 DEVICE 7 DEVICE 8 
TL/F/9536-12 


FIGURE 8. Serial Data Extraction for Array of Figure 6 
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Functional Description (Continued) 


SERIAL Dz Dy Dy Dy 
INPUT 


B4g5 Byg4 8493 Bage 


"F403 "F403 


By; Byp Bg Bg Bys5 By4 By By2 


TL/F/9536-13 
FIGURE 9. Final Position of a 496-Bit Serial Input 


a aa ae 
Faager oon ae 


MASTER (SEE FIGURE 1) 





INPUT REG—> STACK s 
(DERIVED FROM TTS) pet QPE-BEQUEST 
INTIALIZATION Fecne 
FLIP-FLOP 
R 


LOAD OUTPUT (DERIVED FROM TOP AND TOS) 
REGISTER 


TOP 
TOs 
OES 


TL/F/9536-14 


FIGURE 10. Conceptual Diagram, Interlocking Circuitry 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter <a 
Min Typ Max 


v 


Vin 
VIL 
Vep 
VOH 


Input HIGH Voltage 


Input LOW Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 

lit Input LOW Current 


lozH Output Leakage Current 
loz- Output Leakage Current 


Output HIGH Leakage Current 
Power Supply Current 


los 
Icex 
loc 


Input Clamp Diode Voltage aa Vv 
2.4 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°c to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Ve Conditions 


i] 


Recognized as a HIGH Signal 
V 


Recognized as a LOW Signal 


lin = —18mMA 


lon = —400 pA (IRF, ORE) 
lon = —2.0 mA (Qn, Qs) 
lon = —400 pA (IRF, ORE) 
lon = —5.7 mA (Qn, Qs) 
lon = —400 pA (IRF, ORE) 
lon = —5.7 mA (Qp, Qs) 


lo. = 4mA (IRF, ORE) 
lo. = 8mMA (Qh, Qs) 
lo. = 8 mA (IRF, ORE) 
lo. = 16 mA (Qp, Qs) 
VIN = 2.7V 


Vin = 7.0V 


= 
> 


= 


3 
> 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 9V 


Ba 
> 


= 
> 


Vout = Vcc 
Vo = LOW 


+ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ee 
Ta = +25°C _ > 
Symbol Parameter Voc = +5.0V Es ‘ee = 
C. = 50 pF L P 


Propagation Delay, 
Negative-Going 
CPS to IRF Output 


Propagation Delay, 
Negative-Going 
TTS to IRF 
Propagation Delay, 
Negative-Going 
CPSO to Qs Output 


Propagation Delay, 
Positive-Going 

TOP to Outputs Qo-Q3 
Propagation Delay, 
Negative-Going 

CPSO to ORE 





Propagation Delay, 
Negative-Going 
TOP to ORE 
Propagation Delay, 


Positive-Going 
TOP to ORE 


Propagation Delay, 
Negative-Going 
TOS to Positive Going ORE 


Propagation Delay, 
Positive-Going 

PL to Negative-Going IRF 
Propagation Delay, 
Negative-Going 

PL to Positive-Going IRF 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations (Continued) 


7 ee 
Ta = +25°C ae 
Symbol Parameter Vec = +5.0V ae = 
CL = 50 pF L P 


Propagation Delay, 

Positive-Going 1.5 44.0 1.5 44.0 

OES to ORE 

Propagation Delay, 

Positive-Going 1.5 25.0 1.5 29.0 1.5 27.0 403-h 
TES to Positive-Going IRF 

Propagation Delay, 

WA to IRE 1.5 26.0 


Propagation Delay, 
WA to ORE 1 31.0 1 31.0 


5 5 
Propagation Delay, 1.0 16.0 1.0 18.0 1.0 18.0 
OE to Qo, Qy, Qo, Q3 1.0 14.0 1.0 16.0 1.0 16.0 


Propagation Delay, 1.0 10.0 1.0 13.0 1.0 12.0 
OE to Qo, Qy, Az, Q3 1.0 19.0 1.0 24.0 1.0 24.0 


Propagation Delay, 
Negative-Going 
OES to Qs 


Propagation Delay, 
Negative-Going 


OES to Qs 

Turn On Time 1.5 35.0 1.5 42.0 1.5 39.0 
TOS to Qs 1.5 35.0 1.5 42.0 1.5 39.0 
Fall Through Time ee ee 
Parallel Appearance Time, = = 

ORE te'@o=Gs = = | -mo 20 | 200-20 | 
Serial Appearance Time, - 

ORE to Qs 200 50 | ai ae 00 50 | 
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AC Operating a See Section 2 for Waveforms 


a 7 


Area Ta, Veco = Mil Ta: Voc = Com 


bol 
Symbo Parameter ates ssa = +5.0V 


ts(H) Set-up Time HIGH or LOW 
ts(L) D, to Negative CPSI 


th(H) Hold Time, HIGH or LOW 
t,(L) Dg to CPSI 


t,(L) Set-up Time, LOW 
TTS to IRF 
Serial or Parallel Mode 


t,(L) Set-up Time, LOW 
Negative-Going ORE to 
Negative-Going TOS 


ts(L) Set-up Time, LOW 
Negative-Going IES to CPSI 


ts(L) Set-up Time, LOW 

Negative-Going TTS to CPSI 
t,(H) Set-up Time, HIGH or LOW 
ts(L) Parallel Inputs to PL 
ty(H) Hold Time, HIGH or LOW 4.0 4.0 4.0 
th(L) Parallel Inputs to PL 4.0 4.0 4.0 
tw(H) CPSI Pulse Width 10.0 10.0 
ty(L) HIGH Cec ae LOW | 0 a 0 
tyw(H) PL Pulse | PLPulse Width, HIGH | HIGH 


ty(L) TTS Pulse Width, LOW 
Serial or Parallel Mode 


tw(L) MR Pulse Width, LOW 


TOP Pulse Width 12.0 14.0 14.0 
HIGH or LOW 7.0 7.0 7.0 


CPSO Pulse Width 9.0 13.0 12.0 
HIGH or LOW 7.0 7.0 7.0 
Recovery Time 

MR to Any Input 
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403-a, b 


403-g,h 


403-a, b, 
cd 


403-f 





€0P 


403 


Timing Waveforms 
tw(L) 1 tw(H) 


fr 


KAZ xo WX GAADADALS KRIS Sy 
2 
QOOOOOOOD SRN AX SLR <XXXA HKG ee 


teHL 


ts=0 PL 


ty(L) 


TL/F/9536-15 
Conditions: stack not full, TES, PL LOW 
FIGURE 403-a. Serial Input, Unexpanded or Master Operation 


Fosse oY 
BER RR RN 





TL/F/9536-16 
Conditions: stack not full, IES HIGH when initiated, PL LOW 
FIGURE 403-b. Serial Input, Expanded Slave Operation 


tw(L) tw(H) 


{__—N ES. {__—\ Wipf 
\____/ ___/ \___/ ey //////, 


ty(L) tw(H) 


ey 
Neo 


SKK 





TL/F/9536-17 
Conditions: data in stack, TOP HIGH, IES LOW when initiated, OES LOW 
FIGURE 403-c. Serial Output, Unexpanded or Master Operation 
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Timing Waveforms (continued) 


teLH 
PHL 


sesecece 502050507 0500-4, RST 
SS exSe9 eeeeneee S| 
SX Bose ae re: ee 
5 aan arereterane S 
ERX) LRRSOY ERX, LPOOOOO OOS 


tout 


TOS 
TL/F/9536-18 


Conditions: data in stack, TOP HIGH, IES HIGH when initiated 
FIGURE 403-d. Serial Output, Slave Operation 


NEW OUTPUT 
TL/F/$536-18 
Conditions: IES LOW when initiated, OE, CPSO LOW; data available in stack 
FIGURE 403-e. Parallel Output, 4-Bit Word or Master in Parallel Expansion 


Qo-Q3 
TL/F/9536-20 
Conditions: TTS connected to IRF, TOS connected to ORE, IES, OES, OE, CPSO LOW, TOP HIGH 
FIGURE 403-f. Fall Through Time 
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Timing Waveforms (Continued) 


OOOO 
EXPO VOPVOVCO 
RRR 


1.5V (note 3) 


Ts 
(note 2) 


by 


TL/F/9536-21 
Conditions: stack not full, IES LOW when initialized 
FIGURE 403-g. Parallel Load Mode, 4-Bit Word (Unexpanded) or Master in Parallel Expansion 


1.5V STABLE 1.5) 


ty— 


TL/F/9536-22 
Conditions: stack not full, device initialized (Note 1) with IES HIGH 
FIGURE 403-h. Parallel Load, Slave Mode 


Note 1: {nitialization requires a master reset to occur after power has been applied. 
Note 2: TTS normally connected to IRF. 
Note 3: If stack is full, IRF will stay LOW. 
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54F/74F407 
Data Access Register 


General Description 


The ’F407 Data Access Register (DAR) performs memory 
address arithmetic for RAM resident stack applications. It 
contains three 4-bit registers intended for Program Counter 
(Ro), Stack Pointer (Ry), and Operand Address (Ro). The 
‘F407 implements 16 instructions which allow either pre- or 
post-decrement/increment and register-to-register transfer 
in a single clock cycle. It is expandable in 4-bit increments 
and can operate at a 30 MHz microinstruction rate on a 
16-bit word. The TRI-STATE® outputs are provided for bus- 
oriented applications. The 'F407 is fully compatible with all 
TTL families. 


Ordering Code: see Sections 


Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9537-3 


oon Om nek won = 


Features 

@ High-speed—greater than a 30 MHz microinstruction 
rate 

m@ Three 4-bit registers 

m 16 instructions for register manipulation 

m Two separate output ports, one transparent 

m@ Relative addressing capability 

m@ TRI-STATE Outputs 

mw Optional pre- or post- arithmetic 

m Expandable in multiples of four bits 

@ 24-pin slim package 

m 9407 replacement 


Connection Diagrams 
Pin Assignment 
for LCC and PCC 


Xy Xq CPNC E0y Iz Ip 
HOOeBOOe 
Po) 


TL/F/9537-2 
TL/F/9537-1 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


U.L. Input Jjq/lie 
HIGH/LOW Output Ion/lot 


Pin Names Description 


Data Inputs (Active LOW) 

Instruction Word Inputs 

Carry Input (Active LOW) 

Carry Output (Active LOW) 

Clock Input (L-H Edge-Triggered) 

Execute Input (Active LOW) 

Address Output Enable Input (Active LOW) 
Data Output Enable Input (Active LOW) 
Address Outputs 

Data Outputs (Active LOW) 





20/13.3 (0.67) 


284 (100)/26.7 (13.3) 
284 (100)/26.7 (13.3) ] —5.7 mA (2 mA)/16 mA (8 mA) 


1.0/0.67 
1.0/0.67 
1.0/0.67 


20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
0.4 mA/8 mA (4 mA) 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
—5.7 mA (2 mA)/16 mA (8 mA) 


1.0/0.67 
1.0/0.67 
1.0/0.67 
1.0/0.67 
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Functional Description 


The ’F407 contains a 4-bit slice of three Registers (Ro—Ro), 
a 4-bit Adder, a TRI-STATE Address Output Buffer (X9—X3) 
and a separate Output Register with TRI-STATE buffers 
(09-03), allowing output of the register contents on the 
data bus (refer to the Block Diagram). The DAR performs 
sixteen instructions, selected by Ig—I3, as listed in the Func- 
tion Table. 


The ‘F407 operates on a single clock. CP and EX are inputs 
to a 2-input, active LOW AND gate. For normal operation EX 
is brought LOW while CP is HIGH. A microcycle starts as the 
clock goes HIGH. Data inputs Do-D3 are applied to the 
Adder as one of the operands. Three of the four instruction 
lines (ly-l2-I3) select which of the three registers, if any, is 
to be used as the other operand. The LOW-to-HIGH CP 
transition writes the result from the Adder into a register 
(Ro—Re) and into the output register provided EX is LOW. If 


the Ip instruction input is HIGH, the multiplexer routes the 
result from the Adder to the TRI-STATE Buffer controlling 
the address bus (Xg-X3), independent of EX and CP. The 
‘F407 is organized as a 4-bit register slice. The active LOW 
Ci and CO lines allow ripple-carry expansion over longer 
word lengths. 


In a typical application, the register utilization in the DAR 
may be as follows: Ro is the Program Counter (PC), Ry is 
the Stack Pointer (SP) for memory resident stacks and Ro 
contains the operand address. For an instruction Fetch, PC 
can be gated on the X-Bus while it is being incremented 
(i.e., D-Bus = 1). If the fetched instruction calls for an effec- 
tive address for execution, which is displaced from the PC, 
the displacement can be added to the PC and loaded into 
Ra during the next microcycle. 


Function Table 


Instruction 


Ro 
Ro 
Ro 
Ri 
Re 
D Plus Cl 
Ro 


D Plus Cl 
Re 


dak aly ge Ce IOS ek ee aS re 
Lee Lee Ls ee Lee 
i SR ele EA cS SR) mse CME ate ET coeanniT I ea MR ra ON rd 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Combinatorial Function 
Available on the X-Bus 


Ro Plus D Plus Ct 
Ro Plus D Plus Cl 
Ro Plus D Plus Cl 


Ry Plus D Plus Cl 


Ro Plus D Plus Cl 
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Sequential Function Occurring 
on the Next Rising CP Edge 


Ro Plus D Plus C! —> Ro and 0-Register 
Ro Plus D Plus Cl —> Ry and 0-Register 
Ro Plus D Plus Cl — Roe and 0-Register 
Ry Plus D Plus Cl —> Ry, and 0-Register 
D Plus Cl —> Ro and 0-Register 

D Plus Cl —> Ro and 0-Register 

Ra Plus D Plus Cl — Re and 0-Register 


D Plus Cl —> Ry, and 0-Register 
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Block Diagram 


INSTRUCTION 
DECODER ENCODER 


a, 1 D 
cp 47BmT REC. 
| (o) 


Ds 02 Dy 0g 
4-8IT REG, 
(Ro) 


mim 
No Ne te ta on foe lop on 
s 


2-INPUT MUX 


TL/F/9537-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Timing Diagrams 


EO, = LOW 


Io~lz 


1.5V 


TL/F/9537-8 
FIGURE 407-b 


TL/F/9537-7 
FIGURE 407-a 


Eo = LOW 


t, ty 
WAV AVAVAVAVAV, WAVAVAVAVAVAV, 
XXX XY OX L\é\ 
th 


Cn XX 


th 
UVNA/V/ WAVAVAVAVAVAV, 
L\ 00.0.4, XXX XXX 
(NOTE 1) 1.5V 

tpLH 
tPHL 


tun 
PHL 


1.5V 


PL 


TL/F/9537-9 
FIGURE 407-c 


EO, = LOW, Io = HIGH EO, = LOW, Ip = HIGH 


TL/F/9537-5 TL/F/9537-6 
FIGURE 407-d FIGURE 407-e 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter a 
Min Typ Max 


VIH Input HIGH Voltage 


VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 0.5 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
o°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Vcc Conditions 


lin = —18mA 


= —0.4 mA (CO) 

= —2mA (X9-X3, Oo-O3) 
= —0.4 mA (CO) 

= —5.7 mA (X9-X3, Op-O3) 
= —0.4 mA (CO) 

= —5.7 mA (Xg-X3, Op-O3) 


lo. = 4mA (CO) 

lo. = 8 MA (Xp-Xg, Op-O3) 
lo, = 8mA (CO) 

lo. = 16 mA (X9-X3, Oo-03) 


input HIGH Current pA | Max | iy = 2.7 


Input HIGH Current Vin = 7.0V 


I__|_ Input LOW Current p04 | mA | Max | vy = 08V 


lozn__| OutputLeakageGurent | 50 A | Max | 
lox.__| OutputLeakage Curent |= 50 | A | Max | 
los___| Output short-circuit Curent | -30_ = 100 | ma_| Max | 
lccx | OutputHIGH Leakage Curent | 250 | uA | Max | 


Vout = 2.7V (Xo-X3, 09-93) 
Vout = 9.5V (Xo-X3, Oo-O3) 
Vout = OV 

Vout = Vcc 


loc Power Supply Current 90 145 | ma | Max | 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


es 
Symbol Parameter 


teLy Propagation Delay : 12.0 21.0 7.0 24.0 7.0 

tPHL CP to O, (Note 1) 5.0 7.5 13.0 4.0 15.0 4.0 

teLH Propagation Delay, Ij LOW 9.0 13.0 18.0 7.5 21.0 8.0 20.0 

teHL ly-Ig to Xg—Xg 9.5 14.0 20.5 8.0 25.0 8.5 22.0 

tPLH Propagation Delay, lp HIGH | 16.5 23.5 33.0 8.5 50.0 14.5 36.0 eS 


tepHL 14-Ig to Xg—Xg 11.0 17.0 25.0 6.5 35.0 10.0 27.0 


teLH Propagation Delay, Ip LOW 9.0 13.5 21.0 7.0 24.0 8.0 22.5 
teHL CP to Xp, 11.5 18.0 24.0 8.5 28.0 10.5 26.0 


teLH Propagation Delay, Ip HIGH 18.0 26.5 35.0 16.0 43.0 16.0 37.0 os | 





tPHL CP to Xn 12.5 20.0 28.5 11.5 36.5 11.5 31.0 
tpLH Propagation Delay 10.5 15.0 23.0 6.5 29.0 9.5 25.0 
tpHL Dy, to Xn 6.0 9.0 14.0 3.0 20.5 5.0 15.5 
teLH Propagation Delay 7.0 10.5 16.0 4.0 22.0 6.0 17.5 
teHL Cl to Xp, 5.5 9.0 12.0 4.5 14.0 4.5 13.5 
teLH Propagation Delay 45 9.0 11.5 4.0 14.5 4.0 13.0 
teHL Ig to Xp_ 4.5 10.0 14.0 3.0 19.5 4.0 15.5 
teLH Propagation Delay 11.0 19.0 24.0 9.0 33.0 11.0 26.0 
tPHL CP to CO 11.5 18.5 27.0 6.5 38.0 11.5 29.0 


tpLH Propagation Delay 3.5 5.5 8.5 3.0 11.0 3.0 9.5 
tpHL Ci to CO 4.5 7.0 12.0 3.0 10.0 4.0 13.0 
teLH Propagation Delay 3.5 5.5 9.0 3.0 10.0 3.0 9.5 
tpHL D, to CO 4.0 6.5 11.0 3.5 10.0 3.5 12.0 
teLH Propagation Delay 10.0 15.0 22.0 8.0 23.0 9.0 23.5 
tPHL ly-I3 to TO 11.0 16.0 23.0 6.0 32.5 10.0 25.0 
tpzH Enable Time 7.0 10.0 14.5 4.5 26.0 5.5 17.0 
tezi EOp to O,, or EO, to Xp 6.0 9.0 15.0 3.5 16.0 5.5 16.5 


tpHz Disable Time 1.5 4.0 7.0 2.0 9.0 1.5 8.0 
tpLz EOo to O, or EO, to Xp, 5.0 10.0 14.0 5.0 18.0 4.0 15.5 


Note 1: The internal clock is generated from CP and EX. The internal Clock is HIGH if EX or CP is HIGH, LOW if EX and CP are LOW. 
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AC Electrical Characteristics: see Section 2 tor waveforms and Load Configurations 


Tas Voc = Mil 


Parameter C. = 50 pF 


Setup Time, HIGH or LOW ‘ 
1,-l3 to Negative-Going CP ; 


Hold Time, HIGH or LOW 

14-13 to Positive-Going CP 

Setup Time, HIGH or LOW 16.5 
Dn or Cy to Negative-GoingCP | 16.5 
Hold Time, HIGH or LOW 

Dn or Ci to 

Negative-Going Clock 

Setup Time, HIGH or LOW 13.0 
Cl to Positive-Going CP 13.0 
Hold Time, HIGH or LOW 

Cl to Positive-Going CP 

Clock Pulse Width 7.5 

HIGH or LOW 7.5 
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National — 
Semiconductor 


54F/74F410 Register Stack—16 x 4 RAM 


TRI-STATE® Output Register 


General Description 


The ’F410 is a register-oriented high-speed 64-bit Read/ 
Write Memory organized as 16-words by 4-bits. An edge- 
triggered 4-bit output register allows new input data to be 
written while previous data is held. TRI-STATE outputs are 
provided for maximum versatility. The 'F410 is fully compati- 
ble with all TTL families. 


Ordering Code: see Section5 


Logic Symbols 


Pin Assignment 
for DIP and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9538-3 


Features 

m Edge-triggered output register 

m™ Typical access time of 35 ns 

m@ TRI-STATE outputs 

= Optimized for register stack operation 
m@ 18-pin package 


m@ 9410 replacement 


Connection Diagrams 


Pin Assignment 
for LCC 


CP As NC A, Ay 
AWE 


LAA] 
Dy Q NC D; Q% 


TL/F/9538-2 
TL/F/9538-1 


Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 


U.L. Input byee/ Ty 
HIGH/LOW Output lon/lo. 


Description 


Address Inputs 

Data Inputs 

Chip Select Input (Active LOW) 
Output Enable Input (Active LOW) 
Write Enable Input (Active LOW) 
Clock Input (Outputs Change on 
LOW-to-HIGH Transition) 
TRI-STATE Outputs 





1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 


1.0/2.0 
150/40 (33.3) 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 


20 pA/—1.2 mA 
—3 mA/24 mA (20 mA) 
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Functional Description 

Write Operation—When the three control inputs, Write En- 
able (WE), Chip Select (CS), and Clock (CP), are LOW the 
information on the data inputs (D9g—D3) is written into the 
memory location selected by the address inputs (Ap—Ag). If 
the input data changes while WE, CS, and CP are LOW, the 
contents of the selected memory location follow these 
changes, provided setup and hold time criteria are met. 


Block Diagram 


ADDRESS 
DECODE 


DATA 
INPUTS 


REGISTER 
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Read Operatlon—Whenever CS is LOW and CP goes from 
LOW-to-HIGH, the contents of the memory location select- 
ed by the address inputs (Ag—Ag) are edge-triggered into 
the Output Register. 

The (OE) input controls the output buffers. When OE is 
HIGH the four outputs (Q9-Q3) are in a high impedance or 
OFF state; when OE is LOW, the outputs are determined by 
the state of the Output Register. 


TL/F/9538-4 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter pare 
Min Typ Max 


Input HIGH Voltage [2000 


VIH 
ViL 


Input LOW Voltage 


Vcop 


VoH Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 


74F 10% Voc 
74F 10% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


lit 


lozH 
loz. 
los 

IcEX 
Izz 

ICCH 
loc 
Icoz 





| OutputHIGH Leakage Current | 250 | A | Max 
| BusDrainage Test | 800 || A_| ov 
| PowerSuppiyGurent | 4770 | mA_| Max | 
| PowerSupply Curent | #770 |mA_ | Max | 
| PowerSuppyGurent | 47” 70_ | mA | Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4,.5V to +5.5V 


Vec Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18MA 


lon = —1mMA 
lon = —3mA 
lon = —1mMA 
lon = —3mA 
log = —1mA 


lo. = 20 mA 
lo. = 24mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V (An, Dn, OE, WE) 
Vin = 0.5V (CS, CP) 

Vout = 2.7V 

Vout = 0.5V 

Vout = OV 

Vout = Vcc 

Vout = Voc 

Vo = HIGH 

Vo = LOW 

Vo = HIGH Z 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta; Vec = Mil Ta, Vec = Com 


Parameter CL = 50 pF 


12.0 


10.5 
13.0 3.0 


Disable Time 8.5 2.0 
OE toQ ; 9.5 2.0 


AC Operating Requirements: see Section 2 for Waveforms 


74F 74F 


Ta = +25°C 


Parameter Veo = +5.0V 


Ta, Vec = Mil Tas Vcc = Com 


READ MODE 


Setup Time, HIGH or LOW 15.0 23 17.0 
A, to CP 15.0 23 17.0 





Hold Time, HIGH or LOW 
An to CP 


WRITE MODE 


Setup Time, HIGH or LOW 
An to WE 


Hold Time, HIGH or LOW 
An to WE 


Sctup Time, HIGH cr LOW 5.0 6.5 6.0 

D, to WE 5.0 8.5 6.0 

Hold Time, HIGH or LOW 2.5 

D, to WE 2.5 

WE Pulse Width 

Required to Write en See Fe Es 
CS Pulse Width 

Required to Write 

CP Pulse Width 

Required to Write 


Note: Military temperature range for this device is —40°C to + 85°C. 
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National © 
Semiconductor 


54F/74F412 


Multi-Mode Buffered Latch with TRI-STATE® Outputs 


General Description 


The-’F412 is an 8-bit latch with TRISTATE output buffers. 
Also included is a status flip-flop for providing device-busy 
or request-interrupt commands. Separate Mode and Select 
inputs allow data to be stored with the outputs enabled or 
disabled. The device can also operate in a fully transparent 
mode. The ’F412 is the functional equivalent of the Intel 
8212. 


Ordering Code: see Section 5 


Logic Symbols 
IEEE/IEC 


> 
Gt 


1R2 
R2/23 

> Ss 2 
G4 


4C5 
105/EN6 
1EN6 

3R 


Q 
9, 
02 
03 
% 
Os 
Og 
07 


TL/F/9540-4 


Do Dy Dy Ds Dy Os Dg D7 


0) 0; 02 03 % Os Og 07 


TL/F/9540-1 


Features 

m@ TRI-STATE outputs 

@ Status flip-flop for interrupt commands 

m Asynchronous or latched receiver modes 
@ 300 mil 24-pin slim package 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


oon Dm nr WDD = 


TL/F/9540~-2 


Pin Assignment 
for LCC and PCC 


Ds 02 Dy NC 0, Dy 
(14) (to) (9) (8) (2) [é) (5) 
| el het | 


0; 


NC (5) 
CLR fi] 
LAA} 


TL/F/9540-3 
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Unit Loading/Fan Out: see section 2 ee L. definitions 


a ee 
Description ULL. Input fyy/tie 
HIGH/LOW Output Ion/loL 


Latch Outputs 
Data Inputs 

Clear 

Strobe 

Interrupt 

Mode Control Input 
Select Inputs 


150/40 (33.3) 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
1.0/1.0 
1.0/1.0 


Functional Description 


This high-performance eight-bit parallel expandable buffer 
register incorporates package and mode selection inputs 
and an edge-triggered status flip-flop designed specifically 
for implementing bus-organized input/output ports. The 
TRI-STATE data outputs can be connected to a common 
data bus and controlled from the appropriate select inputs 
to receive or transmit data. An integral status flip-flop pro- 
vides busy or request interrupt commands. 


The eight data latches are fully transparent when the inter- 
nal gate enable, G, input is HIGH and the outputs are en- 
abled. Latch transparency is selected by the mode control 
(M), select (Sy and So), and the strobe (STB) inputs and 
during transparency each data output (O,) follows its re- 
spective data input (D,). This mode of operation can be 
terminated by clearing, de-selecting, or holding the data 
latches. 


—3 mA/24 mA (20 mA) 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 


An input mode or an output mode is selectable from the M 
input. In the input mode, M = L, the eight data latch inputs 
are enabled when the strobe is HIGH regardless of device 
selection. If selected during an input mode, the outputs will 
follow the data inputs. When the strobe input is taken LOW, 
the latches will store the most-recently setup data. 


In the output mode, M = H, the output buffers are enabled 


regardless of any other control input. During the output 
mode the content of the register is under control of the se- 
lect (Sq and So) inputs. 


Sa a ee Latches Function Table 


i?) 
rrcle 


on eee 


i 


De-Select 


x X< 


x= 
xrIyj-r-t 


[eee a ee ee 


rijrtt 
a 


Status Flip-Flop Function Table 


xrix x 
| ae 

mr-rier le xrclroxi{r xi 
i 


ae 
— 
a 


GroyjrrjrelyxKxre\iztxK 
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x XK 


DY ie 


fe pebt 


rTciolKxxKI|rxK |X KIT x 


= HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
~~ = LOW-to-HIGH Clock Transition 
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Logic Diagram 


o>0 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9540-5 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —58°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


Note 1; Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Conditions 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 
—0.5V to +7.0V 
—0.5V to +7.0V 


—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


symbol | rameter SELTE uta | ve 
Eee Mo 
a ae 


| Input Lowvotage | 8 
LInputClamp Diode Voltage | 1.2 |v Min | 


VIH 
VIL 
Vcp 


Vou Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Veco 


2.5 
2.4 
2.5 
2.4 
2.7 
2.7 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 


Be 
74F 10% Voc 


0.5 
0.5 V 
74F 10% Voc 0.5 


Cream || 
[Satan | | on | om 
Creiiow Gre | ~a [wn [ur 
oupaeige aren Po a ne 
Foxstoncreucuant —[ =a) ———~veo [mn [wr 





Max 
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Recommended Operating 


Free Air Ambient Temperature 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


log = —1mA (INT) 
lon = —3 mA Op) 
lon = —1 mA (INT) 
lon = ~3 mA (O,) 
lon = —1 mA (INT) 
loH = —3 MA (Op) 


lo. = 20mA 
lo. = 20mA 
lol = 24mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
VouT = 2.7V 
VouT = 0.5V 
VouT = 0V 
Vout = Vcc 
Vout = Voc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vec = +5.0V 1 oe . a 
C_ = 50 pF L P 


Min Typ Max | Min Max | Min Max | 
Propagation Delay 3.5 6.5 8.5 3.0 11.5 3.0 9.5 
Dp to Op” 2.5 5.0 6.5 2.0 8.5 2.0 7.5 
Propagation Delay 8.5 14.5 18.5 6.5 23.0 7.5 20.5 
$1, So or STB toO, 7.5 12.5 16.0 6.0 19.0 6.5 17.5 
Propagation Delay 4.5 7.5 9.5 3.5 12.0 4.0 10.5 
S$, or So to INT 45 8.0 10.5 3.5 12.5 4.0 11.5 
Propagation Delay 
CLR toO, 7.5 12.5 16.0 5.5 18.5 6.5 17.5 
Ehopaeation: Delay 65 110 140 | 55 175 | 55 150 
STB to INT : . : ‘ . ; 
Access Time, HIGH or LOW 8. 12.5 18.0 6.5 20.0 7.0 19.0 
S; to O7 6. 11.0 14.0 5.5 18.0 5.5 15.0 
i 4 0 
6 
7 
5 


11.5 


Disable Time, HIGH or LOW 8.0 10.5 4.0 14.5 4. 


0 
5 
5 
5 11.0 14.0 5.5 17.0 5. 15.0 
5 
0 


5 
Access Time, HIGH or LOW 12.5 16.0 6.5 18.5 6.5 17.5 
So to O7 9.0 11.5 4.0 15.5 4.5 12.5 
4.0 


Disable Time, HIGH or LOW 4.5 7.5 9.5 3.5 12.5 10.5 
So to On 5 9.5 12.0 4.5 14.5 4. 13.0 


5 
Access Time, HIGH or LOW 0 8.5 11.0 4.5 16.0 4.5 12.0 
M to On, 0 8.5 11.0 4.0 15.0 4.5 12.0 
0 5 
0 


5 

5 
Disable Time, HIGH or LOW 4. 7.0 9.0 3.5 11.5 3. 10.0 
M to On 5 8.5 11.0 4.5 14.0 4.5 12.0 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C nas = 
Parameter Voc = +5.0V Ta; Vcc = Mil Ta, Voc = Com 


Setup Time, HIGH or LOW 

D, to $1, So or STB 
8.0 
8.0 
8.0 


Hold Time 


2.0 
2.0 
Dn to Sy, So or STB ; 


$1, So or STB 
Pulse Width, HIGH or LOW 8.0 


ClAPusewidn tow | 80 | 8 





10.0 9.0 
10.0 9.0 
9.0 
9.0 
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National 
Semiconductor 


54F/74F413 


64 x 4 First-In First-Out Buffer Memory with Parallel 1/O 


General Description 


The ’F413 is an expandable fall-through type high-speed 
First-In First-Out (FIFO) buffer memory organized as 64 
words by four bits. The 4-bit input and output registers rec- 
ord and transmit, respectively, asynchronous data in parallel 
form. Control pins on the input and output allow for hand- 
shaking and expansion. The 4-bit wide, 62-bit deep fall- 
through stack has self-contained control logic. 


Ordering Code: see sections 
Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9541-1 


an om OF WD 


Features 

m Separate input and output clocks 
m Parallel input and output 

m@ Expandable without external logic 
m@ 15 MHz data rate 

m@ Supply current 160 mA max 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 
Dz Dy NC Dy SI 
(6) 


BEeee 
8525 


[3] 
i 
WR 
03 3 


au-u 
02 04 NC Og OR 


TL/F/9541-2 
TL/F/9541-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


U.L. Input fyb 
HIGH/LOW Output Ion/Ior 


Description 


1.0/0.667 
50/13.3 
1.0/0.667 
* 1.0/0.667 
1.0/0.667 
1.0/0.667 
1.0/0.667 


Data Inputs 
Data Outputs 
Input Ready 
Shift In 

Shift Out 
Output Ready 
Master Reset 





20 pA/—0.4 mA 
—1mA/8 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
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Functional Description 


Data Input—Data is entered into the FIFO on Do-Dg in- 
puts. To enter data the Input Ready (IR) should be HIGH, 
indicating that the first location is ready to accept data. Data 
then present at the four data inputs is entered into the first 
location when the Shift In (SI) is brought HIGH. An SI HIGH 
signal causes the IR to go LOW. Data remains at the first 
location until S! is brought LOW. When SI is brought LOW 
and the FIFO is not full, IR will go HIGH, indicating that more 
room is available. Simultaneously, data will propagate to the 
second location and continue shifting until it reaches the 
output stage or a full location. If the memory is full, IR will 
remain LOW. 


Data Transfer—Once data is entered into the second cell, 
the transfer of any full cell to the adjacent (downstream) 
empty cell is automatic, activated by an on-chip control. 
Thus data will stack up at the end of the device while empty 
locations will “bubble” to the front. The tp; parameter de- 
fines the time required for the first data to travel from input 
to the output of a previously empty device. 


Block Diagram 


INPUT 62x4 


REGISTER STACK 


FALL THROUGH 
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Data Output—Data is read from the Og—O3 outputs. When 
data is shifted to the output stage, Output Ready (OR) goes 
HIGH, indicating the presence of valid data. When the OR is 
HIGH, data may be shifted out by bringing the Shift Out (SO) 
HIGH. A HIGH signal at SO causes the OR to go LOW. Valid 
data is maintained while the SO is HIGH. When SO is 
brought LOW, the upstream data, provided that stage has 
valid data, is shifted to the output stage. When new valid 
data is shifted to the output stage, OR goes HIGH. If the 
FIFO is emptied, OR stays LOW, and O9-O3 remains as 
before, i.e., data does not change if FIFO is empty. 


Input Ready and Output Ready may also be used as 


status signals indicating that the FIFO is completely full (In- 
put Ready stays LOW for at least tpy) or completely empty 
(Output Ready stays LOW for at least tpt). 


OUTPUT 
REGISTER 


MR 
TL/F/9541-4 





Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


OV) 
—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


ae | vats | ve 


Input HIGH Voltage ea 
input LOW Voltage ens 2 ee ee 
input Clamp Diode Voltage is fd i | 


Symbol Parameter 


VIH 
Vit 


Output HIGH 
Voltage 


54F 10% Vcc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Vcc 


Output LOW 
Voltage 


Input HIGH Current 





re 
Breakdown Test 

eae ee ee 
| OutputHIGH Leakage Current | 250 | A | Max | 
| PowerSupply Curent | 115160 | mA | Max 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
o°c to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18mA 


loH = —1 mA 
log = —1mA 
loh = —1mMA 


pv | me 
08 V Min 


0.5 


lol = 8mA 
lol = 8mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 0V 
Vout = Voc 
Vo = HIGH 





Ely 
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AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations 


Ta = +25°C ae 
Parameter Voc = +5.0V i jee a 
C, = 50 pF L P 
Min Typ Max | Min = Max | Min Max 


shitinRate | tof 80 | te 
shitoutRate | 10 | te 


Propagation Delay 44.0 1.5 50.0 1.5 48.0 
Shift In to IR 


1.5 

1.5 31.0 1.5 37.0 1.5 35.0 
Propagation Delay 1.5 52.0 1.5 57.0 1.5 55.0 
Shift Out to OR 1.5 31.0 1.5 37.0 1.5 35.0 
Propagation Delay 1.5 46.0 1.5 52.0 1.5 50.0 
Output Data Delay 1.5 


34.0 1 39.0 
Propagation Delay 


5 
5 

Master Reset to IR S18 sso | 
5 


1. 


37.0 


mre 
oO 


1.5 
1.5 
1.5 


3 
32.0 


1.5 27.0 33.0 
Propagation Delay 
Master Reset to OR 15 30.0 1 34.0 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C ae 2. 
Parameter Veo = +5.0V Tas Voc = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 1.0 1.0 1.0 
D, to SI 1.0 1.0 1.0 
Hold Time, HIGH or LOW 10.0 10.0 10.0 
Dy to SI 10.0 10.0 10.0 
Shift In Pulse Width 5.0 5.0 
HIGH or LOW 10.0 10.0 
Shift Out Pulse Width 7.5 8.5 7.5 
HIGH or LOW 10.0 10.0 10.0 
Input Ready Pulse Width, 
HIGH a ee eee 
Output Ready Pulse Width, 5.0 
LOW } 
Master Reset Pulse Width, 
cea ean ee 
i 


Recovery Time, MR to SI 
Data ThroughputTime | soo | | tps 
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National 
Semiconductor 


54F/74F420 
Parallel Check Bit/Syndrome Bit Generator 


General Description 


The 'F420 is a parallel check bit/syndrome bit generator. read from memory are utilized in a parity summer to gener- 
The ’F420 utilizes a modified hamming code to generate 7 ate syndrome bits upon error detection. The maximum error 
check bits from a 32-bit dataword, in 15 ns, when operated count detectable is 2. A single error detect can occur in 
in the check bit generate mode. When operated in the syn- 18 ns; a double error detect in 22 ns. The syndrome bit 
drome generate mode, the check bits and data bits generation can be output in 15 ns (maximum). 


Ordering Code: see Sections 
Logic Diagram Connection Diagrams 


Pin Assignment Pin Assignment 
for LCC and PCC for DIP and Flatpak 


Dg Dy Dg Ds DgGNDNCV og Ds Dy Dy Dp Cg 
eee aoe ee 


Co Cy Cp Cy Cy Cy Cg 


on none Wn 


TL/F/9542-1 


BE OOOOH ee 
Dpy zz Day Day Dos GND NC Dag D7 Dag Dag Dag Day 
TL/F/9542-2 


TL/F/9542-3 


Unit Loading/Fan Out: see eae L. definitions 


| sarees 
Pin Names Description ULL. Input ha/Iie 
HIGH/LOW Output Ion/loL 


Check Bit/Syndrome Bus Inputs/ 3.5/1.083 70 pA/—0.65 mA 
Outputs | 150/40 (33.3) | —3 mA/24 mA (20 mA) 
Data Bit Bus 1.0/1.0 20 pA/—0.6 mA 
Check Bit Control 1.0/1.0 20 pA/—0.6 mA 
Double Error Flag 50/33.3 —1mA/20 mA 
Single Error Flag 50/33.3 —1mA/20 mA 
Mode Control 1.0/1.0 20 pA/—0.6 mA 
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420 


Function Table 


Memory CB Control Error Flags 
Cycle 1/0 SEF DEF 


Write Generate Check Bits Output Check 

Read Read & Flag Input Enabled 

Read Latch Check Bits Inputs Enabled 

Read Output Syndrome Bits Output Syndrome Bits Enabled 

Diagnostics Input Diagnostic Latched Check Enabled 
Data Word Outputs High-Z 

Diagnostics Input Diagnostic Output Latched Enabled 
Data Word Check Bits 

Diagnostics Input Diagnostic Output Syndrome Enabled 
Data Word Bits 


Block Diagram 


Do ~ D3; 


OUTPUT 
BUFFER 


OE 


CONTROL 


COMPARE 


TL/F/9542-4 
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Absolute Maximum Rating$ (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Min 
VIH 
Vit 
Vep 


Vou Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Veo 


74F 10% Veo 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


rf jer" ame) |e 
Input HIGH Current 
Ee a ee 
| Boadomesgy | 0 |e | toe 
nM | InputLOwCurrent | 06 | mA | Max | 
nn +lozH_| OutputLeakage Curent | 70 | A | Max 
in +lozi | OutputLeakage Current | 850 | A | Max_| 
| Output Short-CircuitCurrent_ | -60 = 150 |_ mA | Max | 
| Power Supply Current | 180 | mA | Max 


Power Supply Current p 180 | mA | Max | 
Power Supply Current p10 | mA | Max | 


Ipvi 


IBvit 


los 
IcEx 
Izz 
ICCH 
Ioce 
Iccz 


wae Units 


Input HIGH Voltage [tine ee | 
Input LOW Voltage = Oe 
Input Clamp Diode Voltage pt TV i 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA, Dp, CB, So, Sy 
lon = —1 mA (All Outputs) 
loo = —3 mA (Co-Ce) 

lon = —1mA (All Outputs) 
loH = —3mA (Co-Ce) 

IoH = —1 mA (All Outputs) 
lon = —3mA (Co-Cg) 

lor = 20 mA (All Outputs) 
lo. = 20 mA (DEF, SEF) 

lo. = 24 mA (Co-Cg) 

Vin = 2.7V (Dp, CB, So, S4) 
Vin = 7.0V (Dp, CB, So, $4) 


0.5 
0.5 


Vin = 5.5V (Co—Cg) 


Vin = 0.5V (Dp, CB, So, S1) 
Vout = 2.7V (Co-Cg) 
Vout = 0.5V (Co-Cg) 
Vout = OV 

Vout = Voc 

Vout = Vcc 

Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C an 
Parameter Vec = +5.0V - vee . . 
C. = 50 pF L P 


Propagation Delay 5.0 20.0 5.0 22.0 
Dn to Cy 5.0 17.0 5.0 19.0 
Propagation Delay 5.0 20.0 5.0 22.0 
Dp/C, to SEF 4.0 16.0 4.0 18.0 
Propagation Delay 6.0 24.0 26.0 
D,/Cry to DEF 5.0 21.0 22.0 
Propagation Delay 4, 18.0 

S1 toC, 0 13.0 


19.0 
14.0 


13.0 
12.0 


8.0 


6.0 

5.0 

4.0 

3. 3.0 
Propagation Delay 4, 14.0 4.0 15.0 
S1 to SEF/DEF 3. 9.0 3.0 10.0 

2 2.0 

2.0 

1.0 

1.0 


Output Disable Time 1. 7.5 
1. 7.5 


AC Operating Requirements: see Section 2 for Waveforms 


Ze 
Ta = +25°C = 
Parameter Veo = +5.0V Ta; Voc = Mil 


0 

0 

0 
Output Enable Time .0 12.0 
2.0 11.0 

0 

0 





Setup Time, HIGH or LOW 5.0 
Cy, to So 5.0 
Hold Time, HIGH or LOW 
Cy, to So 


Clock Pulse Width LOW 
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Timing Waveforms 


CHECKBIT 
GENERATE 
Con Cg VALID CHECKWORD 


TL/F/9542-5 
FIGURE 420-a. 


CHECKING LATCH CHECKBITS OUTPUT 
SYNDROME BITS 


{| 
(| Select to Syndrome Bit Output 


Error 
Detect 


Error 
Detect 


TL/F/9542-6 


RIAUINGE, zany 
eek een 





4-367 


Ocr 


432 





National 
Semiconductor 


54F/74F432 


Multi-Mode Buffered Latch with TRI-STATE® Outputs 


General Description 


The 'F432 is an 8-bit latch with TRI-STATE output buffers 
and contro! and device selection logic. Also included is a 
status flip-flop for providing device-busy or request-interrupt 
commands. Separate Mode and Select inputs allow data to 
be stored with the outputs enabled or disabled. The device 
can also operate in a fully transparent mode. 

The ’F432 is the functional equivalent of the Inte! 8212, but 
with inverting outputs. 


Ordering Code: see Sections 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Do Dy Dy Ds Oy Os Dg D7 


TL/F/9543-1 


IEEE/IEC 
(1/0 PORT) 


OOn on anrkt wn n= 


_ 
nu = o 


TL/F/9543-4 


Features 

g@ TRI-STATE inverting outputs 

m Status flip-flop for interrupt commands 

m@ Asynchronous or latched receiver modes 

m Data to output propagation delay typically 8.5 ns 
m Supply current 43 mA typ 

 24-pin slim package 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


3; 2 
STB 
GND (4) 


CLR 





B88 ,8,8,8 
(Seo 2 a os ea 
D, Os Ds NC Og Dg 07 
TL/F/9543-3 


TL/F/9543-2 
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Unit Loading/Fan Out: sce ae 2 for U.L. definitions 


a ee 
Description ULL. Input tyy/IiL 
HIGH/LOW Output Ion/lot 


Data Inputs 1.0/1.0 


20 pA/—0.6 mA 


Latch Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 


Select Inputs 1.0/1.0 
Mode Control Input 1.0/1.0 
Strobe 1.0/1.0 
Interrupt 50/33.3 
Clear 1.0/1.0 


Functional Description 

This high-performance eight-bit parallel expandable buffer 
register incorporates package and mode selection inputs 
and an edge-triggered status flip-flop designed specifically 
for implementing bus-organized input/output ports. The 
TRI-STATE data outputs can be connected to a common 
data bus and controlled from the appropriate select inputs 
to receive or transmit data. An integral status flip-flop pro- 
vides busy or request interrupt commands. 


The eight data latches are fully transparent when the inter- 
nal gate enable, G, input is HIGH and the outputs are en- 
abled. Latch transparency is selected by the mode control 
(M), select (Sy and Sp»), and the strobe (STB) inputs and 
during transparency each data output (O,) follows its re- 
spective data input (D,). This mode of operation can be 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
20 pA/—0.6 mA 


terminated by clearing, de-selecting, or holding the data 
latches. See Data Latches Function Table. 


An input mode or an output mode is selectable from this 
single input line. In the input mode, M = L, the eight data 
latch inputs are enabled when the strobe is HIGH regard- 
less of device selection. If selected during an input mode, 
the outputs will follow the data inputs. When the strobe input 
is taken LOW the latches will store the most recently setup 
data. 


In the output mode, M = H, the output buffers are enabled 
regardless of any other control input. During the output 
mode the content of the register is under control of the se- 
lect (S; and So) inputs. See Data Latches Function Table. 


Data Latches Function Table 


| functor aR _sy_p_ ste CLR MSS STB | Datain_| Data out 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 
High Impedance 


Status Flip-Flop Function Table 


xz << 

re l~rztri[rcwirrier tse 
Cryer ciyer cys kK Irs 
GTriztrfirr{|y<rixrz~x 
Tul xK «KK I|eoK IX KIO Xx 
Pops bebo 





H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

—/ = LOW-to-HIGH Transition 
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Logic Diagram 


o> 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9543-5 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical =—_ers§— 


ViH 
Vit 
Vep 


VoH Output HIGH 


Voltage 


54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
T4F 5% Voc 


Output LOW 
Voltage 


NH | inputHiGH Current = HIGH Current 


54F 10% Voc 
74F 10% ieee 


VoL 


IBvi 


loZH 
loz 
los 

ICEX 
Izz 

IocH 
Ioct 
Iccz 


ee 74F 


emerge 
| inputowvoltage | tw | | 
-nputCiampOrdovotage |__| vt vin 





0.5 
oe 


== 
Breakdown Test 

a = 

Breakdown Test (I/O) 

| ImputLowcurrent | =08 | mA 
oe ae oar ee 
| Output Leakage Curent | 50 | A | Max 
| OutputShortcircuit Current | -60 = 150 | mA | Max _ 
| OutputHiGH Leakage Curent | 250 | A | Max 
| BusDrainageTest | 800 '| A | Ov | 
| Power Supply Current. | 5065 | mA | Max 
| PowerSupplyCurent | 5065 | mA | Max 
| PowerSupply Curent | 5065 | mA | Max 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
In = —18mA 
lon = —1mA 
lon = —3mMA 
loo = —1mA 
lon = —3mMA 
lon = —imA 
lon = —3MA 
lo. = 20mA 
lol = 24mA 
VIN = 2.7V 


Vin = 7.0V 


Vin = 5.5V 


Vin = 0.5V 
Vout = 2.7V 
0.5V 
OV 


VouT = 
Vout = 
Vout = Vcc 
Vout = Vcc 
Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


ee ee 


Ta = +25°C 
Symbol Parameter Vec = +5.0V = 
C, = 50 pF C._ = 50 pF 


Min Typ Max_| Min Max | Min Max _| 


Propagation Delay 3.5 8.5 10.5 3.0 12.0 
Dn to O7 2.5 5.5 7.0 3.0 12.0 


Propagation Delay 8.5 16.0 23.0 
$1, So or STB to 0, 6.5 12.5 16.0 5.5 18.0 


Propagation Delay 
CLR to Op, 


Propagation Delay 
STB to INT 


Propagation Delay 4.0 7.5 
S, to INT 5.5 7.5 


Propagation Delay 4.0 7.5 
So to INT 4.5 7.5 


Propagation Delay 9.0 15.0 
MtoO, 6.5 11.0 


Enable Time 6.0 8.5 
MtoO, 6.0 8.5 


Disable Time 4.5 6.5 
Mto On, 5.5 9.5 


Enable Time 4.5 13.0 


Ta; Voc = Mil 





7.0 15.0 


6.0 11.5 


$1, So to Op, 5.0 11.0 


Disable Time 4.0 8.0 
$1, S2 tod, 5.0 11.0 
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AC Operating Requirements: see section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


Setup Time, HIGH or LOW 

Sy to Dy 

Hold Time, HIGH or LOW : 
Ss; to Dn . . 


Parameter Tas Vec = Mil Ta, Vec = Com 


Setup Time, HIGH or LOW 


Hold Time, HIGH or LOW 9.0 9.0 

So to Dy 7.0 7.0 

Setup Time, HIGH or LOW 

STB to Dy 

Hold Time, HIGH or LOW 13.0 13.0 

STB to Dr 10.0 10.0 

STB Pulse Width 5.0 

HIGH or LOW 5.0 

CiAPusewiathtow | 100 | | tts 
S, Pulse Width 9.0 9.0 

HIGH or LOW 7.0 7.0 

Sp Pulse Width 7.0 7.0 ae 
HIGH or LOW 9.0 9.0 
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National 
Semiconductor 


54F/74F433 


First-In First-Out (FIFO) Buffer Memory 


General Description 


The ’F433 is an expandable fall-through type high-speed 
first-in first-out (FIFO) buffer memory that is optimized for 
high-speed disk or tape controller and communication buffer 
applications. It is organized as 64 words by 4 bits and may 
be expanded to any number of words or any number of bits 
in multiples of four. Data may be entered or extracted asyn- 
chronously in serial or parallel, allowing economical imple- 
mentation of buffer memories. 


The ’F433 has TRI-STATE® outputs that provide added ver- 
satility, and is fully compatible with all TTL families. 


Ordering Code: see Section 5 


Logic Symbol 


TL/F/9544-1 


Features 

@ Serial or paralle! input 

@ Serial or parallel output 

m Expandable without additional logic 
m TRI-STATE outputs 

g@ Fully compatible with all TTL families 
@ Slim 24-pin package 

B 9423 replacement 


Connection Diagrams 


Pin Assignment for DIP, 
SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 
9 


—~_ —- 
nun = O&O 


TL/F/9544-2 


Pin Assignment for LCC and PCC 
IES CPSI Ds NC Dz Dy Dy 
(14 (fo) (3) (8) 7) (6) (5) 
1 bh mf } 


TTS [12] 
MR [13] 
GND [14 


CPSO OE Q3 NC Q, Q; Qo 
TL/F/9544-3 





4-374 


cep 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input hiW/I 
HIGH/LOW | Output lon/loL 


Parallel Load Input 1.0/0.66 20 2A/400 pA 
Serial Input Clock 1.0/0.66 20 »A/400 pA 
Serial Input Enable - 1.0/0.66 20 »A/400 pA 
Transfer to Stack Input 1.0/0.66 20 »A/400 pA 
Master Reset 1.0/0.66 20 A/400 pA 
Serial Output Enable 1.0/0.66 20 A/400 pA 
Transfer Out Parallel 1.0/0.66 20 pA/400 pA 
Transfer Out Serial 1.0/0.66 20 2A/400 pA 
Serial Output Clock 1.0/0.66 20 pA/400 pA 
Output Enable 1.0/0.66 20 pA/400 pA 
Parallel Data Inputs 1.0/0.66 20 »A/400 pA 
Serial Data Input 1.0/0.66 20 2 A/400 pA 
Parallel Data Outputs 285/10 5.7 mA/16 mA 
Serial Data Output 285/10 5.7 pA/16 mA 
Input Register Full 20/5 400 pA/8 mA 
Output Register Empty 20/5 400 pA/8 mA 


Functional Description 

As shown in the block diagram, the ’F433 consists of three After the fourth clock transition, the four data bits are locat- 
sections: ed in flip-flops Fg—-F3. The FC flip-flop is set, forcing the IRF 
1. An Input Register with parallel and serial data inputs, as output LOW and internally inhibiting CPSI pulses from af- 


well as control inputs and outputs for input handshaking fecting the register. Figure 2 illustrates the final positions in 
and expansion. an ’F433 resulting from a 256-bit serial bit train (Bg is the 


_A 4-bit-wide, 62-word-deep fall-through stack with self- first bit, Bags the last). 


contained control logic. 


. An Output Register with parallel and serial data outputs, 
as well as control inputs and outputs for output hand- 
shaking and expansion. 


These three sections operate asynchronously and are virtu- 
ally independent of one another. 


Input Register (Data Entry) 


The Input Register can receive data in either bit-serial or 

4-bit parallel form. It stores this data until it is sent to the fall- 

through stack, and also generates the necessary status and 

control signals. 

This 5-bit register (see Figure 7) is initialized by setting flip- 

flop Fg and resetting the other flip-flops. The Q-output of the 

last flip-flop (FC) is brought out as the Input Register Full 

(IRF) signal. After initialization, this output is HIGH. a STACK 


Parallel Entry—A HIGH on the Parallel Load (PL) input Sl 
loads the Dg—Dg inputs into the Fo-Fs flip-flops and sets 

the FC flip-flop. This forces the IRF output LOW, indicating 

that the input register is full. During parallel entry, the Serial 

Input Clock (CPSI) input must be LOW. 


Serial Entry—Data on the Serial Data (Ds) input is serially 

entered into the shift register (F3, Fo, F1, Fo, FC) on each 

HIGH-to-LOW transition of the CPSI input when the Serial OUTPUT 
Input Enable (IES) signal is LOW. During serial entry, the PL CONTROL 
input should be LOW. 


Block Diagram 


CONTROL 


TL/F/9544-4 
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Functional Description (continue) 


INPUT REG—> STACK === 
(PULSE DERIVED FROM TTS) 


DATA INPUTS TO STACK 


TL/F/9544-5 


FIGURE 1. Conceptual Input Section 


INPUT 


B B B B 
REGISTER 255 7254 7253 (°252 





Q; % 4 QW Qs 


TL/F/9544-6 
FIGURE 2. Final Positions in an ’F433 
Resulting from a 256-Bit Serial Train 


Fall-Through Stack—The outputs of flip-flops Fo—F3 feed 
the stack. A LOW level on the Transfer to Stack (TTS) input 
initiates a fall-through action; if the top location of the stack 
is empty, data is loaded into the stack and the input register 
is reinitialized. (Note that this initialization is delayed until PL 
is LOW). Thus, automatic FIFO action is achieved by con- 
necting the IRF output to the TTS input. 


An RS-type flip-flop (the initialization flip-flop) in the control 
section records the fact that data has been transferred to 
the stack. This prevents multiple entry of the same word into 
the stack even though IRF and TTS may still be LOW; the 
initialization flip-flop is not cleared until PL goes LOW. 
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Once in the stack, data falls through automatically, pausing 
only when it is necessary to wait for an empty next location. 
In the F433, the master reset (MR) input only initializes the 
stack control section and does not clear the data. 


Output Register 


The Output Register (see Figure 3) receives 4-bit data 
words from the bottom stack location, stores them, and out- 
puts data on a TRI-STATE, 4-bit parallel data bus or on a 
TRI-STATE serial data bus. The output section generates 
and receives the necessary status and control signals. 


Parallel Extraction—When the FIFO is empty after a LOW 
pulse is applied to the MR input, the Output Register Empty 
(ORE) output is LOW. After data has been entered into the 
FIFO and has fallen through to the bottom stack location, it 
is transferred into the output register, if the Transfer Out 
Parallel (TOP) input is HIGH. As a result of the data transfer, 
ORE goes HIGH, indicating valid data on the data outputs 
(provided that the TRI-STATE buffer is enabled). The TOP 
input can then be used to clock out the next word. 


When TOP goes LOW, ORE also goes LOW, indicating that 
the output data has been extracted; however, the data itself 
remains on the output bus until a HIGH level on TOP per- 
mits the transfer of the next word (if available) into the out- 
put register. During parallel data extraction, the serial output 
clock (CPSO) line should be LOW. The Transfer Out Serial 
(TOS) line should be grounded for single-slice operation or 
connected to the appropriate ORE line for expanded opera- 
tion (refer to the ‘Expansion’ section). 


The TOP signal is not edge-triggered. Therefore, if TOP 
goes HIGH before data is available from the stack but data 
becomes available before TOP again goes LOW, that data 
is transferred into the output register. However, internal 





Functional Description (Continued) 


control circuitry prevents the same data from being trans- 
ferred twice. If TOP goes HIGH and returns to LOW before 
data is available from the stack, ORE remains LOW, indicat- 
ing that there is no valid data at the outputs. 


Serial Extraction—When the FIFO is empty after a LOW is 
applied to the MR input, the ORE output is LOW. After data 
has been entered into the FIFO and has fallen through to 
the bottom stack location, it is transferred into the output 
register, if the TOS input is LOW and TOP is HIGH. As a 
result of the data transfer, ORE goes HIGH, indicating that 
valid data is in the register. 

The TRI-STATE Seria! Data Output (Qs) is automatically en- 
abled and puts the first data bit on the output bus. Data is 
serially shifted out on the HIGH-to-LOW transition of CPSO. 
To prevent false shifting, CPSO should be LOW when the 


new word is being loaded into the output register. The fourth 
transition empties the shift register, forces ORE LOW, and 
disables the serial output, Qs. For serial operation, the ORE 
output may be tied to the TOS input, requesting a new word 
from the stack as soon as the previous one has been shift- 
ed out. 

Expansion 


Vertical Expansion—The ‘F433 may be vertically expand- 
ed, without external components, to store more words. The 
interconnections necessary to form a 190-word by 4-bit 
FIFO are shown in Figure 4. Using the same technique, any 
FIFO of (63n+ 1)-words by 4-bits can be configured, where 
n is the number of devices. Note that expansion does not 
sacrifice any of the 'F433 flexibility for serial/parallel input 
and output. 


—— OUTPUT FROM STACK ——<—$<<= 


In. 
we 


LOAD FROM STACK 


INITIALIZE 


Qs 
OUTPUT DATA 
TL/F/9544-7 


FIGURE 3. Conceptual Output Section 
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Functional Description (continuea) 


MASTER PARALLEL DATA IN 


SERIAL DATA IN 


SERIAL INPUT CLOCK 


ORE fO 


ORE JO 


SERIAL_OUTPUT_ CLOCK ; DATA VALID 
OUTPUT ENABLE 


SERIAL 


DATA 
OUTPUT 


PARALLEL 
DATA 
OUT 


FIGURE 4. A Vertical Expansion Scheme 


TL/F/9544-8 
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Functional Description (Continued) 


Horizontal Expansion—The 'F433 can be horizontally ex- 
panded, without external logic, to store long words (in multi- 
ples of 4-bits). The interconnections necessary to form a 64- 
word by 12-bit FIFO are shown in Figure 5. Using the same 
technique, any FIFO of 64-words by 4n-bits can be con- 
structed, where n is the number of devices. 


The right-most (most significant) device is connected to the 
TTS inputs of all devices. Similarly, the ORE output of the 
most significant device is connected to the TOS inputs of all 
devices. As in the vertical expansion scheme, horizontal ex- 
pansion does not sacrifice any of the ’F433 flexibility for 
serial/parallel input and output. 


It should be noted that the horizontal expansion scheme 
shown in Figure 5 exacts a penalty in speed. 


Horizontal and Vertical Expansion—The ’F433 can be ex- 
panded in both the horizontal and vertical directions without 
any external components and without sacrificing any of its 
FIFO flexibility for serial/parallel input and output. The inter- 
connections necessary to form a 127-word by 16-bit FIFO 
are shown in Figure 6. Using the same technique, any FIFO 
of (63m+ 1)-words by 4n-bits can be configured, where m is 
the number of devices in a column and n is the number of 
devices in a row. Figures 7 and @ illustrate the timing dia- 
grams for serial data entry and extraction for the FIFO 
shown in Figure 6. Figure 9 illustrates the final positions of 
bits in an expanded 'F433 FIFO resulting from a 2032-bit 
serial bit train. 


Interlocking Circuitry—Most conventional FIFO designs 
provide status signal analogous to IRF and ORE. However, 
when these devices are operated in arrays, variations in 
unit-to-unit operating speed require external gating to en- 
sure that all devices have completed an operation. The 
F433 incorporates simple but effective ‘master/slave’ inter- 
locking circuitry to eliminate the need for external gating. 


In the ’F433 array of Figure 6, devices 1 and 5 are the row 
masters; the other devices are slaves to the master in their 
rows. No slave in a given row initializes its input register until 
it has received a LOW on its IES input from a row master or 
a slave of higher priority. 


Similarly, the ORE outputs of slaves do not go HIGH until 
their inputs have gone HIGH. This interlocking scheme en- 
sures that new input data may be accepted by the array 
when the IRF output of the final slave in that row goes HIGH 
and that output data for the array may be extracted when 
the ORE output of the final slave in the output row goes 
HIGH. 


The row master is established by connecting its IES input to 
ground, while a slave receives its IES input from the IRF 
output of the next-higher priority device. When an array of 
‘F433 FIFOs is initialized with a HIGH on the MR inputs of 
all devices, the IRF outputs of all devices are HIGH. Thus, 
only the row master receives a LOW on the JES input during 
initialization. 

Figure 10 is a conceptual logic diagram of the internal cir- 
cuitry that determines master/slave operation. When MR 
and IES are LOW, the master latch is set. When TTS goes 
LOW, the initialization flip-flop is set. If the master latch is 
HIGH, the input register is immediately initialized and the 
initialization flip-flop reset. If the master latch is reset, the 
input register is not initialized until IES goes LOW. In array 
operation, activating TTS initiates a ripple input register ini- 
tialization from the row master to the last slave. 

A similar operation takes place for the output register. Either 
a TOS or TOP input initiates a load-from-stack operation 
and sets the ORE request flip-flop. If the master latch is set, 
the last output register flip-flop is set and the ORE line goes 
HIGH. If the master latch is reset, the ORE output is LOW 
until a Serial Output Enable (OES) input is received. 


cH C~PPARALLEL DATA INPUT ——essSa>»~awas 


Ds D2 Dy D9 


07059504 


944 O49 D5 Dg 


PLDs DzD,D,D, 
Ts ° 3¥2"1"0 


Qz Q2 Qy Q 


———— PARALLEL DATA OUTPUT 


PLDs 03020409 


OTS 


OES 
Lo CPSI 


OFOES SS, 

ol tos F433 
O 

O 


Q14 A419 Qg Qe 
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FIGURE 5. A Horizontal Expansion Scheme 
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Functional Description (continuea) 


Cy oe ee PARALLEL DATA INPUT 


Ds 02D; Do D7Dg 05D, Dy 1019 Dg Dg D450 44013042 


SERIAL DATA INPUT 


PARALLEL LOAD 00k eee 0 0 ees 
INPUT cLock ttt eth 


Dg D3 Dz Dy Do 


O 
OFOE 
MR Q3 Q2 Q1Q905 


BUEE 
OUTPUT ENABLE Baa nE 


OUTPUT CLOCK Yr 14 ee 


DUMP OUTPUT 


= Q3 Qe QQ Q7 Og Qs Qy Q44 249 Qg Qs Qy5 04403042 
Ri ee PARALLEL DATA OUTPUT 


TL/F/9544-10 


FIGURE 6. A 127 x 16 FIFO Array 


DEVICE 1 


DEVICE 2 


IRF 


mre? | pets juts] sf 7 feds jolufat iss] a] is | 


| 
STORED IN STORED IN STORED IN STORED IN 
DEVICE 1 DEVICE 2 DEVICE 3 DEVICE 4 


FIGURE 7. Serial Data Entry for Array of Figure 6 
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Functional Description (Continued) 


DEVICE 8, TOS ALL DEVICES 
ORE 
SERIAL DATA OUTPUT 


% | % Jo {os Jo |} of es |e fm fo | as |e | a | a | 2 | 


DEVICE 5 DEVICE 6 DEVICE 7 DEVICE & 
TL/F/9544-12 


FIGURE 8. Serial Data Extraction for Array of Figure 6 


‘F433 


Bis Byy By3 By2 


Qs a  % © Qs; Q 0; % ~* Qs A Q A 


FIGURE 9. Final Position of a 2032-Bit Serial Input 


TL/F/9544-13 


. INMALIZE 
MASTER (SEE FIGURE 1) 
LATCH 


INPUT REG—» STACK 


s Q 
(DERIVED FROM TTS) REQUEST ORE-REQUEST 
INTIALIZATION FUP-FLOP 


FLIP=FLOP 
R 


LOAD OUTPUT (DERIVED FROM TOP AND TOS) 
REGISTER 





TL/F/9544-14 
FIGURE 10. Conceptual Diagram, Interlocking Circuitry 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its usefu! life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter DAPLTAE 
Min Typ Max 


Input HIGH Voltage ja = 
input LOW Voltage | 
Input Clamp Diode Voltage pt 


VIH 
ViL 
Vco 


VoH Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 


54F 10% Vcc 
7T4F 10% Voc 


Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 
Output HIGH Leakage Current 
Power Supply Current 





:S =e ES = = 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°c to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = 400 pA (ORE, IRF) 
lon = 5.7 MA (Qn, Qs) 
lo = 400 pA (ORE, IRF) 
lon = 5.7 MA (Qn, Qs) 
lon = 400 pA (ORE, IRF) 
lon = 5.7 MA (Qn, Qs) 


lo. = 8mA (ORE, IRF) 
lo = 16 mA (Qh, Qs) 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 

Vout = 2.7V (Qn; Qs) 
VouT = 0.5V (Qh, Qs) 
Vout = 0V 

Vout = Vcc 


i?) 
oO 





eer 


AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


=z 
° 





Propagation Delay, Negative-Going 
CPSI to IRF Output 


Propagation Delay, 
Negative-Going TTS to IRF 


2.0 
433-a,b 


Propagation Delay, Negative- 4.0 
Going CPSO to Qs Output 5.0 


Propagation Delay, Positive- 8.0 
Going TOP to Qo-Q3 Outputs 7.0 


Propagation Delay, 
Negative-Going CPSO to ORE 


Propagation Delay, 
Negative-Going TOP to ORE 


Propagation Delay, Positive-Going 
TOP to ORE 

Propagation Delay, Negative-Going 
TOS to Positive-Going ORE 


Propagation Delay, Positive- 
Going PL to Negative-Going IRF 


433-c,d 
433-e 
7.0 433-c,d 


6.0 


13.0 
13.0 


4.0 


Propagation Delay, Negative- 
Going PL to Positive-Going IRF 


Propagation Delay, 
Positive-Going OES to ORE 


Propagation Delay Positive-IRF 


Going IES to Positive-Going 





Propagation Delay 
MR to ORE 


Propagation Delay 
MR to IRF 


Enable Time 
OE to Q9-Q3 


Disable Time 
OE to Qp-Q3 


Enable Time 
Negative-Going OES to Qs 


Disable Time 
Negative-Going OES to Qs 


Enable Time 
TOS to Qs 


Fall-Through Time 


Parallel Appearance Time 
ORE to Qo-Q3 


Serial Appearance Time 
ORE to Qg 
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AC Operating Requirements: see section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


Symbol Parameter Ta; Vec = Mil Ta, Vec = Com 


= 
° 


ts(H) Setup Time, HIGH or LOW 
ts(L) Ds to Negative CPSI 


th(H) Hold Time, HIGH or LOW 
th(L) Ds to CPSI 


ts(L) Setup Time, LOW TTS to 
IRF, Serial or Parallel Mode 


ts(L) Setup Time, LOW Negative-Going 
ORE to Negative-Going TOS 


ts(L) Setup Time, LOW Negative- 
Going IES to CPS! 


t,(L) Setup Time, LOW Negative- 
Going TTS to CPSI 


ts(H) Setup Time, HIGH or LOW 
ts(L) Parallel Inputs to PL 


th(H) Hold Time, HIGH or LOW 
th(L) Parallel Inputs to PL 


tw(H) | CPSI Pulse Width 
ty(L) | HIGH or LOW 


tw(H) PL Pulse Width, HIGH 


tyw(L) TTS Pulse Width, LOW 
Serial or Parallel Mode 


ty(L) | MR Pulse Width, LOW 


tw(H) TOP Pulse Width 
tw(L) HIGH or LOW 


ty(H) | CPSO Pulse Width 
ty(L) HIGH or LOW 


trec Recovery Time 
MR to Any Input 


433-a,b 


433-a,b,g,h 


433-c,d 


NNINN 
oOo]|00 


N™N 
oo 


PPIOSO 
oO]100 


433-a,b 


433-g,h 
433-a,b,c,d 
433-f 


433-e 


433-c,d 


0.0 
0.0 
4.0 
4.0 


433-f 


ay ™ [es Nig 
° ° ° o]o 
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Timing Waveforms 


tw(L) 1 tw(H) 


3 hy UM 
ty(L) 
AAA DX oN p> sem <<)  rasaseceegeces A] WeSC AAAAY 
Za 
KKK KOO SH S25 <x oS KS Kx eetetetss LS CHL 


teHL 


ts=0 tPLH 


ty(L) 
a TL/F/9544-15 
Conditions: Stack not full, IES, PL LOW 


FIGURE 433-a. Serial Input, Unexpanded or Master Operation 


1.5V ff 


NNN Tate SS eoCY SCY RRL Stable RN see t | | 
Bee eeaeeatatetels RRR RRA eaeaeeeatote mma Matetetetee BS05050 


tpHL tein All 


1.5V 


mene TL/F/9544~-16 
Conditions: Stack not full, IES HIGH when initiated, PL LOW 


FIGURE 433-b. Serial Inout, Expanded Slave Oneration 


ty(L) tw(H) 


f___\ { =z, Yip \ 
\__/ \_/ \___/ L/ 


ty(L) ty(H) +1 1.5V 


SOS 
CSsoreseoese 


Vax SOSA, KO x. SS SSC 
(a —— SR 


a TL/F/9544-17 
Conditions: Data in stack, TOP HIGH, IES LOW when initiated, OES LOW 


FIGURE 433-c. Serlal Output, Unexpanded or Master Operation 
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Timing Waveforms (Continued) 


tPLH 
PHL 


X SoS os RY S555 525505 
00, SO 2 

EEX KS ote atenscateteess 

ROD) OOD ROOD LROQOOQOOS 


teHL 


TOS 
TL/F/9544-18 
Conditions: Data in stack, TOP HIGH, IES HIGH when initiated 
FIGURE 433-d. Serial Output, Slave Operation 


NEW OUTPUT 


TL/F/9544-19 
Conditions: IES LOW when initiated, OE, CPSO LOW; data available in stack 


FIGURE 433-e. Parallel Output, 4-Bit Word or Master in Parallel Expansion 


tw 


Qo-O3 
TL/F/9544~20 
Conditions: TTS connected to IRF, TOS connected to ORE, IES, OES, OE, CPSO LOW, TOP HIGH 
FIGURE 433-f. Fall Through Time 
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Timing Waveforms (continued) 


a0 000 0 UA OOO AO 9 OU OU, Up QA we MO 
SRO PY QRS 
PSR $$$ RRR KS 
SRR RRR RRR 1.5V STABLE 1.5V SRS 
SSSR RRS ESR RES 
OOOO» LOPPPLPPLOYS 


1.5V (note 3) 


Ts 
(note 2) 


— TL/F/9544-21 
Conditions: Stack not full, IES LOW when initialized 


FIGURE 433-g. Parallel Load Mode, 4-Bit Word (Unexpanded) or Master in Parallel Expansion 


1.5V¥ STABLE 1.5V 


eeers TL/F/9544-22 
Conditions: Stack not full, device initialized (Note 1) with IES HIGH 


FIGURE 433-h. Parallel Load, Slave Mode 
Note 1: Initialization requires a master reset to occur after power has been applied. 
Note 2: TTS normally connected to IRF. 
Note 3: If stack is full, IRF will stay LOW. 
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National 
Semiconductor 


54F/74F521 
8-Bit Identity Comparator 


General Description Features 


The ’F521 is an expandable 8-bit comparator. It compares ™ Compares two 8-bit words in 6.5 ns typ 
two words of up to eight bits each and provides a LOW _m™ Expandable to any word length 

output when the two words match bit for bit. The expansion m™ 20-pin package 

input la =p also serves as an active LOW enable input. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


B7 A7 Bg Ag Bs As By Ay Bs Az Bo Ap By Ay By Ap 


Oa=p 


TL/F/9545-1 


IEEE/IEC 


oan onoank WN = 


_ 
Qo 


TL/F/9545-2 


Pin Assignment 
for LCC and PCC 


Az Bo Ay By Ay 
EES AS EN] 
[et bed | 


Bs Ag Bg Az By 


TL/F/9545-3 
TL/F/9545-4 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input tin/l. 
HIGH/LOW Output Ion/loL 


Word A Inputs 1.0/1.0 20 pA/—0.6 mA 
Word B Inputs 1.0/1.0 20 pA/—0.6 mA 
Expansion or Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Identity Output (Active LOW) 50/33.3 —1mA/20 mA 


H = HIGH Voltage Level 
L = LOW Voltage Level 
"Ao = Bo, Ay = By, Ao = Ba, ete. 


Logic Diagram 


No a 
Ses 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9545-5 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias ~—55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter AEE 


Input HIGH Voltage 2.0 
Input LOW Voltage Sarr eee 
Input Clamp Diode Voltage 


VIH 
ViL 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Veo 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 
Breakdown Test 

Input LOW Current 

Output Short-Circuit Current 


ae re 


input HIGH Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


lon = —1MA 
lon = —1mA 
lon = —1mMA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


=12 


ps) 
x< 


Vin = 0.5V 
Vout = 9V 
Vout = Vcc 
Vo = HIGH 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter ne = +5.0V 
= 50 pF 


Propagation Delay 
An Or By to Oa=B 


Propagation Delay 
In=ptoO,a=p i : el 3.5 
Applications 
Ripple Expansion 


Ay Bo =A By Ag Bg Ays Bis 


ENABLE 
LOW 


Parallel Expansion 


Ag Bo = Az :B Ag Bg Ay Bis 
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Ta; Vcc = Mil 
C. = 50 pF 


13.5 


Aig Big 


Aig Big 


3.5 


Ag3 Boz 


A23 Bos 


TL/F/9545~6 
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National | 
Semiconductor 


54F/74F524 
8-Bit Registered Comparator 


General Description 


The 'F524 is an 8-bit bidirectional register with parallel input 
and output plus serial input and output progressing from 
LSB to MSB. All data inputs, serial and parallel, are loaded 
by the rising edge of the input clock. The device functions 
are controlled by two control lines (So, $4) to execute shift, 
load, hold and read out. 


An 8-bit comparator examines the data stored in the regis- 
ters and on the data bus. Three true-HIGH, open-collector 
outputs representing ‘register equal to bus’, ‘register greater 
than bus’ and ‘register less than bus’ are provided. These 
outputs can be disabled to the OFF state by the use of 
Status Enable (SE). A mode control has also been provided 


Ordering Code: see Sections 
Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


TL/F/9546-1 


Oaoant rnunwn wun — 


lEEE/IEC 


°o 


M5 MAGNITUDE 


Tus Two's 


COMPLEMENT 


7 3,4D 1,5,6,70>1/0 & 
1,5,6,70<I/0 
1,5,6,7D=1/0 © 


TL/F/9546-4 


to allow twos complement as well as magnitude compare. 
Linking inputs are provided for expansion to longer words. 


Features 

@ 8-Bit bidirectional register with bus-oriented input-output 

@ Independent serial input-output to register 

m@ Register bus comparator with ‘equal to’, ‘greater than’ 
and ‘less than’ outputs 

m Cascadable in groups of eight bits 

m@ Open-collector comparator outputs for AND-wired 
expansion 

m Twos complement or magnitude compare 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


051/05 1/041/031/0. 
es}ea}esfes}c3) 





How oe 
GT EQC/SOC/SISE 


TL/F/9546-3 


TL/F/9546-2 
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Unit Loading/Fan Out: sce Section 2 for ULL. definitions 


54F/74F 


Description 


Mode Select Inputs 

Status Priority or Serial Data Input 
Clock Pulse Input (Active Rising Edge) 
Status Enable Input (Active LOW) 


Compare Mode Select Input 
Parallel Data Inputs or 
TRI-STATE® Parallel Data Outputs 
Status Priority or Serial Data Output 
Register Less Than Bus Output 
Register Equal Bus Output 
Register Greater Than Bus Output 


*OC = Open Collector 


Functional Description 


The ’F524 contains eight D-type flip-flops connected as a 
shift register with provision for either parallel or serial load- 
ing. Parallel data may be read from or loaded into the regis- 
ters via the data bus I/Og-!/O7. Serial data is entered from 
the C/SI input and may be shifted into the register and out 
through the C/SO output. Both parallel and serial data entry 
occur on the rising edge of the input clock (CP). The opera- 
tion of the shift register is controlled by two signals Sg and 
$1 according to the Select Truth Table. The TRI-STATE par- 
allel output buffers are enabled only in the Read mode. 


One port of an 8-bit comparator is attached to the data bus 
while the other port is tied to the outputs of the internal 
register. Three active-OFF, open-collector outputs indicate 
whether the contents held in the shift register are ‘greater 
than’, (GT), ‘less than’ (LT), or ‘equal to’ (EQ) the data on 
the input bus. A HIGH signal on the Status Enable (SE) input 
disables these outputs to the OFF state. A mode control 
input (M) allows selection between a straightforward magni- 
tude compare or a comparison between twos complement 
numbers. 

For ‘greater than’ or ‘less than’ detection, the C/SI input 
must be held HIGH, as indicated in the Status Truth Table. 
The internal logic is arranged such that a LOW signal on the 
C/S! input disables the ‘greater than’ and ‘less than’ out- 
puts. The C/SO output will be forced HIGH if the ‘equal to’ 
status condition exists, otherwise C/SO will be held LOW. 
These facilities enable the 'F524 to be cascaded for word 
length greater than eight bits. 


Word length expansion (in groups of eight bits) can be 
achieved by connecting the C/SO output of the more signifi- 
cant byte to the C/SI input of the next less significant byte 
and also to its own SE input (see Figure 7). The C/SI input 
of the most significant device is held HIGH while the SE 
input of the least significant device is held LOW. The corre- 
sponding status outputs are AND-wired together. In the 
case of twos complement number compare, only the Mode 
input to the most significant device should be HIGH. The 
Mode inputs to all other cascaded devices are held LOW. 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 


3.5/1.083 
150/40 (33.3) 
50/33.3 
O0C*/33.3 
OC*/33.3 
0C*/33.3 
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U.L. Input Iyy/hi 
HIGH/LOW Output lon/lot 


20 pA/-0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—-0.6 mA 
20 pA/-0.6 mA 
70 pA/—0.65 mA 
—3 mA/24 mA (20 mA) 
—1mA/20 mA 
*/20mA 
*/20mA 
*/20mA 


Suppose that an inequality condition is detected in the most 
significant device. Assuming that the byte stored in the reg- 
ister is greater than the byte on the data bus, the EQ and LT 
outputs will be pulled LOW and the GT output will float 
HIGH. Also the C/SO output of the most significant device 
will be forced LOW, disabling the subsequent devices but 
enabling its own status outputs. The correct status condition 
is thus indicated. The same applies if the registered byte is 
less than the data byte, only in this case the EQ and GT 
outputs go LOW and LT output floats HIGH. 


lf an equality condition is detected in the most significant 
device, its C/SO output is forced HIGH. This enables the 
next less significant device and also disables its own status 
outputs. In this way, the status output priority is handed 
down to the next less significant device which now effec- 
tively becomes the most significant byte. The worst case 
propagation delay for a compare operation involving ‘n’ cas- 
caded ’F524s will be when an equality condition is detected 
in all but the least significant byte. In this case, the status 
priority has to ripple all the way down the chain before the 
correct status output is established. Typically, this will take 
35 + 6(n—2) ns. 


Select Truth Table 


| So | S| Operation 


Hold—Retains Data in Shift Register 
Read—Read Contents in Register onto 
Data Bus, Data Remains in 


Register Unaffected by Clock 
Shift—Allows Serial Shifting on Next 
Rising Clock Edge 
Load—Load Data on Bus 
into Register 
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Functional Description (Continued) 


Number Representation Select Table Status Truth Table 


| om | Operation (Hold Mode) 
L Magnitude Compare : 
| Data Comparison | 
Twos Complement Compare fs!) Data aca EQ | 
X 


Oa-Oy > I/O09-1/07 
Oa-Oy = I/O9-1/07 


ot uma REA 
I aL rrzz/9| 


Irrst eal S| 


Oa-Oy < I/O9-1/07 
Oa-Oy > I/O9-1/07 
On—-On = I/09-1/07 
Oa-Opy, < 1/O9-1/07 


HIGH if data are equal, otherwise LOW 
HIGH Voltage Level 

LOW Votlage Level 

Immaterial 


(eee OO ee 


GREATER THAN 


H=TWO'S COMPLEMENT 
L=MAGNITUDE 


TL/F/9546-6 


FIGURE 1. Cascading ’F524s for Comparing Longer Words 
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Block Diagram 


1/0g 
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TL/F/9546-5 
Notes: 
1. TRISTATE Output 
2. Open-Collector Output 


4-395 


beS 


524 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage ee 
Input Clamp Diode Voltage pnt 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
TAF 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


tH Input HIGH Current 


IBvi Input HIGH Current 
Breakdown Test 


lit Input LOW Current 
lin + lozH | Output Leakage Current 
lit + loz. | Output Leakage Current 


Iavit Input HIGH Current 
Breakdown Test (I/O) 


los Output Short-Circuit Current 


ICEX Output HIGH Leakage Current 
loHc Open Collector, Output 

OFF Leakage Test 
locH Power Supply Current 


IccL Power Supply Current 
Iocz Power Supply Current 





= = 


—_— 
foe] 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

loo = —1mA 

lon = —3 mA 

loo = —1mA 

lon = —3mA 

lon = —1mA 

lon = —3 MA 

lo. = 20 mA (I/Op) 

lo. = 20 mA (I/O,) 

lo. = 24 mA (LT, GT, EQ, C/SO) 
Vin = 2.7V 


Vin = 7.0V 


< 


Vin = 5.5V 


Vin = 0.5V 
Vio = 2.7V 
Vivo = 0.5V 
Vout = OV 
Vout = Vcc 
Vout = Vcc 


nN 
n 
(fo) 


_ 
@ 


Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 


» 
x 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


[ncaa (Gata ST 


Ta = +25°C 


Ta; Vec = Mil Ta; Vcc = Com 
Parameter aa 7 as oer C. = 50 pF Cy. = 50 pF 


Maximum Shift Frequency a re 2-1 


Propagation Delay 16.5 20.0 21.0 
1/O, to EQ 26 9.5 12.0 13.0 


Propagation Delay 8.5 14.1 19.0 20.0 
1/O, to GT 6.5 13.0 16.5 17.5 


Propagation Delay 7.0 15.5 20.0 21.0 
1/On to LT 4.5 10.0 14.0 15.0 


Propagation Delay . ° 152 195 20.5 jas | 
17.0 





I/O, to C/SO 12.5 16.0 ann: 
Propagation Delay a . re be 25.0 a i 26.0 
CP to EQ 16.5 17.5 
Propagation Delay . 16.5 21.0 = 22.0 
CP to GT 17.0 22.0 23.0 
Propagation Delay 20.0 25.0 26.0 
CP to LT 13.5 17.0 a a 
Propagation Delay 

CP to C/SO (Load) 

Propagation Delay 5.0 pa 13.0 5.0 = 
CP to C/SO (Serial Shift) 11.5 12.5 
Propagation Delay iS . be Si = 
C/SI to GT 

Propagation Delay . Fi . . bee cee 
C/SI to LT 

Propagation Delay 11.5 14.5 Pas 5 
So, S1 toC/SO 14.0 18.0 19.0 
Propagation Delay Hs : 11.5 
SE to EQ 9.0 
Propagation Delay 12.5 is > 17.0 
SE to GT 6.0 9.0 
Propagation Delay a . Ny : 14.5 
SE to LT 9.0 
Propagation Delay 4.0 11.0 12.0 
C/SI to C/SO 4.0 11.0 12.0 
Propagation Delay 15.0 19.5 8.0 20.5 
M to GT 12.0 15.5 16.5 
Propagation Delay a i 22.0 23.0 
M to LT 12.0 13.0 
Propagation Delay 15.0 25.0 33.0 s ; 35.0 
So, $1 to EQ 9.0 15.0 19.0 20.0 
Propagation Delay 10.5 18.0 23.0 10.5 24.0 
So, Si to GT 10.5 18.0 23.0 10.5 24.0 
Propagation Delay 13.0 22.0 28.0 13.0 30.0 
So, $1 to LT 12.0 19.0 24.0 12.0 25.0 
Output Enable Time 4.5 10.0 13.0 4.5 14.0 
So, S; to 1/0, 5.5 11.0 15.0 5.5 16.0 


Output Disable Time 3.5 8.0 12.0 3.5 13.0 
So, $1 to 1/On, : 9.6 12.5 : 13.5 
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AC Operating Requirements: see Section 2 for Waveforms 


74F 
Ta = +25°C 
t 
Parameter Voc = +5.0V 


Setup Time, HIGH or LOW 6.0 
I/O, to CP 


Hold Time, HIGH or LOW 
I/O, to CP 


Setup Time, HIGH or LOW 
So or S; to CP 

Hold Time, HIGH or LOW 
So or S14 to CP 

Setup Time, HIGH or LOW 
C/SI to CP 

Hold Time, HIGH or LOW 
C/SI to CP 


Clock Pulse Width, HIGH 
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Ta, Vcc = Com 








National 
Semiconductor 


54F/74F525 
Programmable Counter 


General Description 


The ’F525 is a multi-function 28-pin device. It consists of a 
16-bit count-down counter, logic to contro! the counter, logic 
to control the state of the outputs and a PLA to decode the 
particular function selected by the user. The list of high- 
speed timing applications include: 


Ordering Code: see sections 


Logic Symbol 


Do Dy D2 Dg Dg Ds Dg Dz Dg Og Dy Dy, 042 Dy3Dy4 Dy5 


TL/F/9547-1 


Features 
Baud rate generator 
Digitally programmed monostable 
Variable system frequency generator 
Digital filter variable sampling rate 
16-bit data path 
External trigger 


Extremely accurate one shot w/pulse widths from 
50 ns to 3.27 ms @CP = 40 MHz 


Connection Diagrams 


Pin Assignment 
DIP, SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9547-2 


Pin Assignment 
for LCC and PCC 


5,8 ,8,8 
B3 B4 
Dyq Dy 4242043044045 Mo 
TL/F/9547-3 
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Unit Loading/Fan Out: See Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input lin/lit 
HIGH/LOW Output Ion/lot 


Ouput (Primarily indicates when 
the counter has reached zero) 
Output (Divides Q by 2) 

Status Inputs 

Master Reset 

Clock Pulse 

Data Inputs 

Write Enable Input 

External Trigger Input 

Crystal Output 


Functional Description 


The multi-function aspect of the device consists of eight 
different modes of operation. An explanation of the opera- 
tion of the device in each of the modes follows. However, 
there is one operation that is independent of the selected 
mode: the loading of data. Data is latched into a set of data 
latches when WE is brought from a LOW to a HIGH state. 
The latches are transparent when WE is held LOW. 
Operation Notes: 

1. Device should be reset before operation. 

2. The XTR input acts as a select line for the clock. o- 

3. With XTR low, the clock goes into the counter. 

4. With XTR high, the clock loads the counter. 


5. In mode 4 and 5, during counting, the counter cannot be 
reloaded. XTR high freezes the count. 


6. Mode 7 is the only auto-reload mode, all other modes 
require and XTR pulse to begin. 


7. Loading 0 into the latches idles the device. 
MODE 0: Interval Timer with Level Output 


While XTR is HIGH, the data in the data latches is loaded 
into the counter upon the next positive edge of CP. The 
negative edge of XTR enables the count-down to begin with 
the next positive edge of CP. When the count reaches zero, 
Q, normally LOW, is brought HIGH and Q/2 toggles state. 
Taking XTR HIGH at any time enables the data in the data 
latches to be loaded into the counter on the rising edge of 
CP and clears Q. See Figure 7. 


MODE 1: Interval Timer with Inverted Level Output 

The operation is exactly the same as in Mode 0 except that 
Q is normally HIGH and goes LOW when the count reaches 
zero. Q/2 toggles on the negative-edge of Q. See Figure 7. 
MODE 2: Interval Timer with Pulse Output 

While XTR is HIGH, the data in the data latches is loaded 
into the counter upon the next positive edge of CP. The 
negative edge of XTR enables the count-down to begin with 
the next positive edge of CP. When the count reaches 


50/33.3 


50/33.3 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
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—1mA/20 mA 


—1mA/20 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 


zero, Q, normally LOW, is brought HIGH for a single period 
of CP. Q/2 toggles state on the positive edge of Q. Taking 
XTR HIGH at any time causes the data in the data latches 
to be loaded into the counter on the rising edge of CP and 
clears Q. See Figure 2. 


MODE 3: Interval Timer with Inverted Pulse Output 
The operation is exactly the same as in Mode 2 except that 
Q is normally HIGH and goes LOW for a single period of CP. 
Q/2 toggles on the negative edge of Q. See Figure 2. 


Function Table 


0 
0 
0 
0 
1 
1 
1 
1 


—~eFt O0-=-00 
-o+-0-0+0 





MODE 4: Interval Timer, Pulse Output with Count Hold 


While XTR is HIGH, the data in the data latches is loaded 
into the counter upon the next positive edge of CP. The 
negative edge of XTR enables the count-down to begin with 
the next positive edge of CP. When the count reaches zero, 
Q, normally low, is brought HIGH for a single period of CP. 
Q/2 toggles state on the positive edge of Q. Taking XTR 
HIGH before the counters reach zero, stops the count-down 
from the point where it was held. Data cannot be reloaded 
into the counter until! a count of zero is reached. See Figure 
3. 


MODE 5: Interval Timer, Inverted Pulse Output with 
Count Hold 

The operation is exactly the same as Mode 4 except that Q 
is normally HIGH and goes LOW for a single period of CP. 
Q/2 toggles on the negative-edge of Q. See Figure 3. 





Functional Description (Continued) 
MODE 6: Retriggerable Synchronous One-Shot 


When XTR is HIGH, the data in the data latches is loaded 
into the counter upon the positive edge of CP. The negative 
edge of XTR enables the count-down to begin with the next 
positive edge of CP, wehre Q, normally LOW, is then 
brought HIGH and the counter is decremented when the 
count reaches zero, Q is brought LOW, and Q/2 is toggled. 
Bringing XTR HIGH during the count-down will allow the 
data in the data latches to be loaded into the counter with 
the next positive edge of CP, but will not affect Q. See Fig- 
ure 4. NOTE that the pulse width of Q will be N-1 clock 
cycles, where N is the number loaded into the counter. 
N=1 should not be used as this may cause unpredictable 
results. 


Block Diagram 


cP 


COUNTER 
CONTROL 
LOGIC 


MODE 7: Frequency Generator 


When XTR is HIGH, the data in the data latches is loaded 
into the counter upon the positive edge of CP. The negative 
edge of XTR enables the count-down to begin with the next 
positive edge of CP. When the count reaches zero, Q, nor- 
maily LOW, is brought HIGH for a single period of CP and 
Q/2 is toggled. The same clock edge that brings Q HIGH, 
also loads the data in the data latches into the counter. The 
counter will start to count on the next positive edge of CP. 
This mode will run continuously after an initial XTR until 
stopped by MR. Taking XTR HIGH at any time causes the 
data in the data latches to be loaded into the counter and Q 
output to be cleared with the next positive edge of CP. See 
Figure 5. 


Do Dy Dz Ds Dy Ds Dg D7 Dg Dg Dy 9D, 1D, 9D, 30, ,0)5 


COUNT-DOWN 
COUNTER 


TL/F/9547-4 
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Timing Diagrams 


TL/F/9547-5 


@With XTR HIGH, the rising edge of CP loads data from the latches to the counter. 
@With XTR LOW, the rising edge of CP begins count-down cycle. 
@When the count reaches zero, Q goes HIGH, and Q/2 toggles state. 
@The next occurrence of XTR clears Q. 
FIGURE 1. MODE 0 and MODE 1 (Inverse Output of Mode 0) 


Mn = 000, 001 


TRAPP PPPS 


XXAXKKKXXAKXAXKAAKAKAAAKK _ AAKKXKKXKKKXAAKAKK 





TL/F/9547-6 


@With XTR HIGH, the rising edge of CP loads data from the latches to the counter. 
@With XTR LOW, the rising edge of CP begins the count-down cycle. 
@When the count reaches zero, Q goes HIGH for one period of CP, and Q/2 toggles state. 
FIGURE 2. MODE 2 and MODE 3 (Inverse Output of Mode 2) 


Mn = 010,011 


&«€ MD PPPPPPPPPPPPL 
ee - fo 


TL/F/9547-7 


FIGURE 3. MODE 4 and MODE 5 
Mn, = 100, 101 
@With XTR HIGH, the rising edge of CP loads data from the latches into the counter. 
@With XTR LOW, the rising edge of CP begins the count-down. 
@With XTR HIGH, during count-down, the rising edge of CP does nothing. 
@When the count reaches zero, Q goes HIGH for one clock cycle and Q/2 toggles state. 
Note: Once the count reaches zero, the counter can be reloaded with XTR HIGH. 
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Timing Diagrams (Continued) 


RXXXXKXKXKXKXRAKAKEKEXEKKXRXKY —_XRKKKKKKONKK 





FIGURE 4. MODE 6 
M, = 110 
@With XTR HIGH, the rising edge of CP loads data from the latches to the counter. 


@With XTR LOW, the rising edge of CP begins the count, and Q goes HIGH. 


TL/F/9547-8 


@When the count reaches zero, Q goes LOW, and Q/2 toggles state. Bringing XTR HIGH before count reaches zero will reload the counter, but not affect Q. 


Notes: 
Loading N=0 halts counter; loading N= 1 will result in undefined operation. 
Pulse width = (2/CP) * (N—1) 


XTR \ 
gtae oat st ae alee ae at ae 


XXXXXXXXKKKEX —_ XKKKKKKKKKKKEX_XXXKKKH 


XX 
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FIGURE 5. MODE 7 


My = 111 


@With XTR HIGH, the rising edge of CP, loads data from the latches to the counter. 

@On the falling edge of XTR, the rising edge of CP begins count-down. 

@When count reaches zero, Q goes HIGH for one period of CP, and Q/2 toggles on the Q rising edge. 
@On the rising edge of CP on which Q goes LOW, the counters are reloaded. 

© Count-down begins again. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Distributors for availability and specifications. 
Storage Temperature 

Ambient Temperature under Bias 
Junction Temperature under Bias 


—65°C 
—55°C 
—55°C 


Military 
to + 150°C 
to +125°C 


to +175°C Military 


Commercial 
Supply Voltage 


Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4,5V to +5.5V 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


OV) 
—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 


Vin 
Vit 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Vcc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Vcc 
Voltage 74F 10% Voc 


Breakdown Test 
n 


Power Supply Current 
Power Supply Current 


Voltage 





IcEXx 
ICCH 
Ico 


54F/74F 


yr 
NN 
i) 
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: 
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Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


log = —1mA 
log = —1mA 
lon = —1mMA 


lo. = 20 mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


s 


Vin = 0.5V 
Vout = OV 


ais 
>| > 


Vout = Voc 
Vo = HIGH 
Vo = LOW 


= 
5 


= 
[o>] 
oO 
= 
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Qo 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Maximum Clock Frequency 

Propagation Delay 9.0 16.0 20.5 
CP toQ 8.0 12.0 15.5 
Propagation Delay 9.0 15.5 20.0 
CP to Q/2 10.0 15.5 20.0 
Propagation Delay 8.5 12.0 15.5 
XTR toQ 6.0 10.5 13.5 
Propagation Delay 11.5 16.5 21.0 
MR toQ 9.0 12.5 16.0 
Propagation Delay 8.0 14.0 17.5 
MRto Q/2 7.0 10.5 13.5 


Propagation Delay 10.0 15.0 19.0 
Mp, toQ 10.5 17.0 21.5 


AC Operating Requirements: see Section 2 for Waveforms 


a 


7 
Ta = +25°C 
Symbol Parameter i Ree Ta; Voc = Mil Ta: Vec = Com 


ts(H) Setup Time, HIGH or LOW 2.0 2.5 
ty(L) D,, to WE 4.0 4.5 
th(H) Hold Time, HIGH or LOW 

th(L) Dp to WE 

t,(H) Setup Time, HIGH or LOW 

ts(L) Dr to CP 


th(H) Hold Time, HIGH or LOW 
th(L) D, to CP 


ts(H) 
t.(L) 


th(H) Hold Time, HIGH or LOW 
XTR to CP 


ts(H) Setup Time, HIGH or LOW 
t,(L) Mode to CP 


tw(H) 
tw(L) 
tw(L) 


ty(H) CP Pulse Width 
ty(L) HIGH or LOW 


trac Recovery Time 
MR to CP 


trec Recovery Time 
Mode to CP a0 
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National 
Semiconductor 


54F/74F533 


Octal Transparent Latch with TRI-STATE® Outputs 


General Description 


The ’F§33 consists of eight latches with TRI-STATE outputs 
for bus organized system applications. The flip-flops appear 
transparent to the data when Latch Enable (LE) is HIGH. 
When LE is LOW, the data that meets the setup times is 
latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH the bus output is in the high 
impedance state. The 'F533 is the same as the ’F373, ex- 
cept that the outputs are inverted. 


Ordering Code: see Sections 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


JEEE/IEC 


oan nw WwW HS 


_ 
Oo 


TL/F/9548-1 


Features 


g Eight latches in a single package 
@ TRI-STATE outputs for bus interfacing 
@ Inverted version of the 'F373 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Ds D, 0, 0, Dy 
BOE! 
Th | 





B88 .8 
Ds 05 0g Dg D7 
TL/F/9548-3 


TL/F/9548-2 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


ULL. Input Iya/hie 
HIGH/LOW Output Ion/loL 


Description 


Data Inputs 

Latch Enable Input (Active HIGH) 
Output Enable Input (Active LOW) 
Complementary TRI-STATE Outputs 





Function Table 


HIGH Voltage Level 
LOW Voltage Level 
mmaterial 


Functional Description 


The ’F533 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the Dj, inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW, the 
latches store the information that was present on the D in- 


Logic Diagram 


1.0/1.0 

1.0/1.0 

1.0/1.0 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—-0.6 mA 
—3 mA/24 mA (20 mA) 


puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering 
new data into the latches. 


07 
TL/F/9548-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


VIH 
Vit 
Veo 
VoH 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


54F 10% Voc¢ 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 


Output Leakage Current 
Output Short-Circuit Current 


lit 
lOoZH 
loz 


los —60 


Output HIGH Leakage Current 
Bus Drainage Test 
Power Supply Current 


IceExX 
1227 
Iooz 


54F/74F 
Min Typ Max 
Input HIGH Voltage P20 ea! 
2.5 
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iyi 2° 
aed on aa 
co) 
= 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 125°C 
o°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Voc Conditions 


Cc 
V 
Vv 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 
lon = —1mA 
lon = —3 mA 
lon = —1 MA 
lon = —3mA 
loo = —1mA 
lon = —3mA 


lo. = 20 mA 
lol = 24mA 


VIN = 2.7V 
Vin = 7.0V 


V 


= = 
> > 


3 
> 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 


on 
oO 


= 
> 


Vout = Voc 


Vout = Vcc 
Vo = HIGHZ 


fon) 
3 
> 


= 





AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C aaa = 
Parameter Veco = +5.0V 1 eae si Tee 50 a mn 
Cj, = 50 pF L p L p 
Min Typ 


Propagation Delay 4.0 6.7 4.0 4.0 
Dn to On 2. 4.4 2.5 2.5 
5 


Propagation Delay . 7.1 5.0 5.0 
LE toO, 3. 


4.7 3.0 3.0 


3.4 1.5 1.5 
2.7 1.5 1.5 


Output Disable Time 


5 

0 

0 
Output Enable Time 2.0 5.9 2.0 2.0 
2.0 5.6 2.0 2.0 

1.5 

1.5 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C a =! 
Parameter Veco = +5.0V Ta, Voc = Mil Ta, Vec = Com 


Setup Time, HIGH or LOW 2.0 
Dy, to LE 


2.0 2.0 

2.0 2.0 2.0 

Hold Time, HIGH or LOW 3.0 3.0 3.0 
Dp, to LE 3.0 3.0 3.0 


LE Pulse Width, HIGH 
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National 
Semiconductor 


54F/74F534 
Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description Features 

The ’F534 is a high speed, low-power octal D-type flip-flop  ™ Edge-triggered D-type inputs 

featuring separate D-type inputs for each flip-flop and  m Buffered positive edge-triggered clock 
TRI-STATE outputs for bus-oriented applications. A buff- = TRI-STATE outputs for bus-oriented applications 
ered Clock (CP) and Output Enable (OE) are common to all 

flip-flops. The ’F534 is the same as the 'F374 except that 

the outputs are inverted. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Dp Dy 02 Ds Dy Ds Dg Dy = Ds Dy Op 04 Dy 
(8) 7 (6) (5) (4) 





TL/F/9549-1 
IEEE/IEC 





LAA A 
5) 
Ds O5 Og Dg 07 
TL/F/9549-3 


oan nanrnrk wan 


_ 
oO 


TL/F/9549-2 


TL/F/9549~5 


Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 


Description ULL. Input tH/NL 
HIGH/LOW | — Output Ion/IoL 


Data Inputs 20 pA/—0.6 mA 
Clock Pulse Input (Active Rising Edge) 20 pA/—0.6 mA 
TRI-STATE Output Enable Input (Active LOW) 20 pA/—0.6 mA 
Complementary TRI-STATE Outputs 150/40(33.3)| —3 mA/24 mA (20 mA) 
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Functional Description Function Table 


The ’F534 consists of eight edge-triggered flip-flops with in- 

dividual! D-type inputs and TRI-STATE complementary out- 

puts. The buffered clock and buffered Output Enable are 

common to all flip-flops. The eight flip-flops will store the 

state of their individual D inputs that meet the setup and 

hold times requirements on the LOW-to-HIGH clock (CP) 

transition. With the Output Enable (OE) LOW, the contents 

of the eight flip-flops are available at the outputs. When the 

OE is HIGH, the outputs go to the high impedance state. HIGH Voltage writ 
Operation of the OE input does not affect the state of the pists voliedd Seve 
flip-flops. ee = LOW-to-HIGH Clock Transition 


Z = High Impedance 
Oo = Value stored from previous clock cycle 


Logic Diagram 


Do 


Oo 0, 0, 05 0, 05 06 07 
TL/F/9549-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


twice the rated lo_ (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Vin 
VIL 
Vcp 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


VoH 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


| InputHIGH Current HIGH Current 


54F 10% Voc 
74F 10% cet ned 


| inputLoOwCurent == LOW Current 


loZH 
loz. 
los 

IcEX 


old HIGH Leakage Current 


Izz 


Power Supply Current 


Iocz 


54F/74F 
| Min Typ Max_| = 
input HIGH Voltage pete me} 
input LOW Voltage ee ee ee 
Input Clamp Diode Voltage ee 





Input HIGH Current 
a Test 


0 
| BusDrainageTest | 800A 
| ss ce | ms | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —imA 

lon = —3mMA 

Vv lon = —1mA 
lon = —3MA 

= —1mA 

= —-3mA 


= 20mA 
24mA 


= 2.7V 
Vin = 7.0V 


VIN = 0.5V 
Vout = 2.7V 
VouT = 0.5V 
Vout = 0V 
Max | Vout = Vcc 
0.0V_| Vout = Vcc 
Max | Vo =HIGHZ 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 2 = 
Parameter Vec = +5.0V Bi ee “ ae 50 
CL = 50 pF ana aied 


Min Typ Max | Min Max | Min Max_| 
Maximum Clock Frequency re a ee 


Propagation Delay 6.5 8.5 4.0 10.5 4.0 10.0 
CP toO, 6.5 8.5 4.0 11.0 4.0 10.0 


Output Enable Time 9.0 S . 2.0 14.0 2.0 12.5 
5.8 2.0 10.0 2.0 8.5 


Output Disable Time Z : 1.5 8.0 1.5 8.0 
i : 1.5 7.5 1.5 6.5 


AC Operating Requirements: see Section 2 tor Waveforms 


Pome | cr wr 


Ta = +25°C 
Vec = +5.0V 


Setup Time, HIGH or LOW 

Dp to CP 

Hold Time, HIGH or LOW 

Dp, to CP 

CP Pulse Width 7.0 7.0 7.0 
HIGH or LOW 6.0 6.0 6.0 


Parameter Ta, Voc = Mil Tas Vec = Com 





4-413 


pes 


537 


National 
Semiconductor 


54F/74F537 


1-of-10 Decoder with TRI-STATE® Outputs 


General Description 


The ’F537 is one-of-ten decoder/demultiplexer with four ac- 
tive HIGH BCD inputs and ten mutually exclusive outputs. A 
polarity control input determines whether the outputs are 
active LOW or active HIGH. The 'F537 has TRI-STATE out- 
puts, and a HIGH signal on the Output Enable (OE) input 
forces all outputs to the high impedance state. Two input 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


OJOE Oy 0; 0, 03 04 05 Og 
TL/F/9550-3 


IEEE/IEC 


oon Om nm WwW NH 


TL/F/9550-5 


enables, active HIGH Es and active LOW Ej, are available 
for demultiplexing data to the selected output in either non- 
inverted or inverted form. Input codes greater than BCD 
nine cause all outputs to go to the inactive state (i.e., same 
polarity as the P input). 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Og Ay Ay OE P 
BOWE 





E08 .8,8 
4] £5) 
Ep Ey Ag As Oy 
TL/F/9550-2 


TL/F/9550-1 


Unit Loading/Fan Out: see Section 2 for ULL. aS 


a 2 
Description ULL. Input Iy/lie 
HIGH/LOW Output Ion/loL 


Address Inputs 


Enable Input (Active LOW) 
Enable Input (Active HIGH) 
Output Enable Input (Active LOW) 
Polarity Control Input 

TRI-STATE Outputs 





1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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4jISDmD4a4/rrire 


TL/F/9550-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


GAadts!/rTrTTreT 


ee ie itn ee See eee Dae 2 


4aoo4aougu4/rrrr 


oat 
UO) 


a4i44/rcCrirrT 


4Ji4goigu4dt; rrr 


Outputs Equal P Input 


el a a |) St 


J4moiu4/rro4t 


aad idtfCi4 itr 


at oh od | 2h SE EE SE 


aAjArLt JH4tTxKx/Ht4tr J43tT Lt Aj itrx< 


rItrcet Jo4oxK Dyoastie Irrst oj4x LT 


Ilrtret 


Gororryrcree qIrice 


ee ee ee ee ee ee ee 4 jj 


a J J jf J !  .J 





(P 


Truth Table 
High Impedance H 
Active HIGH 
Output 

=L) 
Active LOW 
Output 
(P = H) 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

2 = High Impedance 

Logic Diagram 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 126°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ViIH 
ViL 
Vep 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


Vou 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


| inputHIGH Current = HIGH Current 


54F 10% Voc 
74F 10% Eero co eal! 


lin | InputLowCurent LOW Current 
lOZH 
loz 
los 

ICEX 
lzz 

ICCH 
Iooz 


Input HIGH Voltage a eas 
input LOW Voltage ees ace coel 
Input Clamp Diode Voltage pat i | 





Input HIGH Current 
Gee oT al Test 


at = ene eR Tee 
| OutputLeakage Curent | 80 | A | Max 
| Output Short-CircuitCurrent__ | -60 = 180 |_mA_| Max | 
| Output HIGH Leakage Current | 280 | A | Max 
| BusDrainageTest_ | 800 (|_| OV 
| Power SupplyGurent | 88m 
| PowerSupply Current | 4468 | mA | Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 126°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mMA 
lon = —3mA 
loo = —1mA 
loo = —3 mA 
loo = —1mMA 
lon = —3 mA 


lo. = 20 mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
2.7V 
0.5V 
OV 


VouT = 
VouT = 
VouT = 
Vout = Vec 
Vout = Voc 
Vo = HIGH 

Vo = HIGHZ 





Zes 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C,_ = 50 ie ae eel 


| Min Typ Max | Min Max | Min Max | 

Propagation Delay 6.0 11.0 16.0 6.0 
An to On 4.0 7.5 11.0 4.0 
Propagation Delay 5.0 8.5 14.5 5.0 
E, toO, 4.0 6.5 9.0 4.0 
Propagation Delay 6.0 11.0 16.0 6.0 
EotoO, 5.0 10.0 14.0 5.0 
Propagation Delay 6.0 11.5 18.0 6.0 
P toO, 6.0 11.0 16.0 6.0 
Output Enable Time 3.0 5.5 10.5 3.0 
OE to O7 5.0 9.0 13.0 5.0 

0 2.0 

0 3.0 


Ta, Voc = Mil 
C. = 50 pF 


Output Disable Time 2.0 4, 
OE to O7 3.0 5. 


6.0 
7.0 
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National 
Semiconductor 


54F/74F538 


1-of-8 Decoder with TRI-STATE® Outputs 


General Description 


The ’F538 decoder/demultiplexer accepts three Address 
(Ap-Agz) input signals and decodes them to select one of 
eight mutually exclusive outputs. A polarity control input (P) 
determines whether the outputs are active LOW or active 
HIGH. A HIGH Signal on either of the active LOW Output 
Enable (OE) inputs forces all outputs to the high impedance 
state. Two active HIGH and two active LOW input enables 
are available for easy expansion to 1-of 32 decoding with 


Ordering Code: see sections 


Logic Symbols 
IEEE/IEC 


OFZ Oy 04 0, Os 04 Os Og 0, 


TL/F/9551-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


four packages, or for data demultiplexing to 1-of-8 or 1-of- 
16 destinations. 


Features 

m@ Output polarity contro! 

m Data demultiplexing capability 
w Multiple enables for expansion 
m@ TRI-STATE outputs 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


TL/F/9551-1 


oon Omn e WH NY 


TL/F/9551-2 


Pin Assignment 
for LCC and PCC 


Os Ay Ap OE OF 
BO) Ee) 


54F/74F 


Description ULL. Input liq/te 
HIGH/LOW Output Ion/lo. 


1.0/1.0 
1.0/1.0 


Address Inputs 
Enable Inputs 


(Active LOW) 

Enable Inputs 
(Active HIGH) 
Polarity Control Input 
Output Enable Inputs 
(Active LOW) 
TRI-STATE Outputs 


1.0/1.0 


1.0/1.0 
1.0/1.0 





150/40 (33.3) 


20 pA/—0.6 mA 


20 pA/—0.6 mA 
20 pA/—0.6 mA 5.8.8.8 


Es Ey Ey Ap O% 
TL/F/9551-3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 


—3 mA/24 mA (20 mA) 





4-418 


8€S 


Truth Table 


High 
Impedance 


X X 


Oo 01 O02 03 04 O05 OG 07 
a ar Ai a’ aan Sai ae 
Z Z Zz Z Z Z Zz Z 


<= 


: 
: 


TIrIrTrTrTzrTirwTizTsyr~t~TrTazprjTégrTirixcTrirTriTsixkxewK KK XK 


Outputs Equal P Input 


rere c nx 


x «KK 


TMUrereatTrTerryrTTreeLtolererl KKK KK 


Active HIGH 
Output 
(P=) 





Active LOW 
Output 
(P =H) 


more err ero yr errr o ooo aK Ko KI xK XK 


X 
X 
X 
X 
X 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 


Cea en esl anc Al rem el ce) ol (Gl i ce A en ee ees ce (ee cee 
Perr ere rr ere eee eo LX <M 
TrorTarTirT~irwTierwzyr~rztr~twrtrTrTiwrTtirTrTazrirézK~K KK «Kix x 


Cee ree Oe ee ee eee eee 
Trortrtrerrer|jJLTTTICrecre 


a cg: Kaas Ss ae et Ue ge ene Oa Se il ac Nae Dea a 1 
Le ee ee ee ae 
po Aa US EN BFS coer TN CO A ee cone ee oe eee ae ca 
TTeITITrFTTTtIrereer- ere pte 
ZTIrETrFHeTtTTTTIJrrr LOH e 
Lar DDE Ler ae Tree 
Ter De ee ee ee oe 
Fo ae ee eee ee ree 





HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


H 
L 
xX 
Zz 


Logic Diagram 


0» Oz 0, 05 0g 07 
TL/F/9551-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


VIH 
VIL 


Vep 


VOH Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Vco 
74F 10% Voc 


74F 10% Voc 
T4F 5% Veo 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


lozH 
loz 
los 

IcEX 
lzz 

IoCH 
Ico. 
I¢cz 


Input HIGH Vottage (ae 
Input LOW Voltage oes ee 
Input Clamp Diode Voltage Es ee 





J Input HiGH Curent | |g 
== 
Breakdown Test 

in| tnputLowcurrent | 0.6 | mA 
eS a as eee ee 
| OutputLeakageCurent | 80 | A | Max | 
| Output Shor-Circuit Gurren | 60-150 | mA_| Max _ 
| QuiputHIGH Leakage Curent | 250 | A | Max 
| BusDrainageTest | 800 |__| O.OV | 
| PowerSuppiyGurent | 15 | mA | Max 


Power Supply Current 37 56 | oma | Max | 
Power Supply Current 37 56 | mA | Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mMA 
lon = —3mMA 
lon = —1mA 
lon = —3mMA 
lon = —1mA 
loo = —3mA 


lo. = 20 mA 
lo. = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
VouT = 0.5V 
Vout = 0V 
Vout = Vec 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
An to On 


Propagation Delay 
E; or Eo toO, 4.0 
Propagation Delay 6.0 
Eg or Ey to O7, 
Propagation Delay 
P toO, 

Output Enable Time 
OE, or OEp to O, 


Output Disable Time 
OE; or OE2 toO, 


Ta = +25°C 
Vec = +5.0V 
C, = 50 pF 


Tas Vec = Mil 
oS = 50 pF 


Min Typ Max 

6.0 11.0 16.0 

4.0 7.5 11.0 

5.0 8.5 7 
6.5 


11.5 18.0 
11.0 16.0 


10.0 
13.0 


11.0 16.0 

5.0 10.0 14.0 
6.0 
0 
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Semiconductor 


54F/74F539 


Dual 1-of-4 Decoder with TRI-STATE® Outputs 


General Description 


The ’F539 contains two independent decoders. Each ac- 
cepts two Address (Ag, A;) input signals and decodes them 
to select one of four mutually exclusive outputs. A polarity 
control input (P) determines whether the outputs are active 
HIGH (P = L) or active LOW (P = H). An active LOW 


Ordering Code: see Sections 


Logic Symbols 


Ag Ay 


DECODER a 


IEEE/IEC 


Ay Ay 


DECODER b 


input Enable (E) is available for data demultiplexing; data is 
routed to the selected output in non-inverted form in the 
active LOW mode or in inverted form in the active HIGH 
mode. A HIGH signal on the active LOW Output Enable 
(OE) input forces the TRI-STATE outputs to the high imped- 


ance state. 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9552-1 


ooaonoanrkr wa ee ~ 


_ 
oO 


TL/F/9552-2 


Pin Assignment 
for LCC and PCC 


O54 Ate Ada OE Pp 
[6] (5) 


TL/F/9552-4 


H,8,8,8 
BEE0B 
OF Ea Eb Adb Atb 


TL/F/9552-3 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description Input ha/he 
iaaiow Output Ion/loL 


Aoa-Ata Side A Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Aob-Aib Side B Address Inputs 1.0/1.0 20 pA/—0.6 mA 
E,, Ep Enable Inputs (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
OE,, OEp Output Enable Inputs (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Pa; Pp Polarity Control! Inputs 1.0/1.0 20 pA/-0.6 mA 
Ooa-O3a Side A TRI-STATE Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
Oob-O3b Side B TRI-STATE Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 


Truth Table (each half) 


ton OE 
= Impedance H 
L 


Active HIGH 
Output 
(P = L) 


= HIGH Voltage Level 
= LOW Voltage Level 
; = Immaterial 
Z = High Impedance 


Active LOW 
Output 
(P =H) 





Croeecoirerer el] clkK im 


X X 
X X 
L L 
L H 
H L 
H H 
L L 
L H 
H L 
H H 


Trrtrirrrs 
TorIrertirr-ite 
irertirTrjrirere 
HKrtrrjrcece 


Logic Diagram (one half shown) 
Ay _ 
Ay 
E 
P 
09 01 0, 0 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9552-5 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage i eae 


ViH 
ViL 
Voep 
VoH 


Input LOW Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
icc ed 


| InputHIGHCurrent = HIGH Current 


54F 10% Voc 
74F 10% Voc 


ee | [mw 
Breakdown Test 
jInputowcurent | 0.6 | mA 
ee —— F 
| OutputLeakage Current | 80 | A | Max 
| OutputShortircuit Current | 60-150 | mA | Max_ 
| Output HIGH Leakage Gurrent | 250 | A | Max 
| BusDrainageTest_ | 800 |_| OV 
| PowerSupplyCurrent | 285 | mA | Max 
| PowerSupplyCurent | 4060] mA | Max 


Input Clamp Diode Voltage es re 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—56°C to + 125°C 
o°C to +70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —3mA 
lon = —imA 
loo = —3mA 
lon = —1mA 
lon = —3 mA 


lol = 20mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = Vcc 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


| ma | Max_| 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
An to On 


Propagation Delay 
EtoO, 


Propagation Delay 
P to On 


Output Enable Time 
OE to Op, 


Output Disable Time 
OE to O, 


4.0 
4.0 


5.0 


Ta = +25°C 
Vec = +5.0V 
a ee = 50 pF 


| Min Typ ‘Max _| 

14.5 18.5 

9.5 12.0 

14.5 21.5 

11.0 16.5 
10.5 

io 13.0 


Ta; Vcc = Mil Ta; Vcc = Com 
on C,_ = 50 pF 





4-425 


6€S 


540 © 541 








National © 
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54F/74F540 ¢ 54F/74F541 
Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description Features 

The 'F540 and ’F541 are similar in function to the F240 and ™ TRI-STATE outputs drive bus lines 

F244 respectively, except that the inputs and outputs are m Inputs and outputs opposite side of package, allowing 
on opposite sides of the package (see Connection Dia- easier interface to microprocessors 

grams). This pinout arrangement makes these devices es- 

pecially useful as output ports for microprocessors, allowing 

ease of layout and greater PC board density. 


Ordering Code: see Sections 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


ww, lg Is 4 Is Io 
BOSE 


aE 


04 0; 02 0; 09 


| 


[ 


TL/F/9553-2 
TL/F/9553~1 


Ig Is ly ts by 
Hw E4) 
a 


“tility 


tas 


f4) (3) 1) 2 
04 03 0p 04 Op 


TL/F/9553-5 
TL/F/9553-4 


Unit Loading/Fan Out: See Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input Iyy/he 
HIGH/LOW Output Ion/lo. 


TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Inputs 1.0/1.0 20 pA/—0.6 mA 
Outputs 600/106.6 (80) | —12 mA/64 mA (48 mA) 
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Truth Table 


"F540 "F541 


L H 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


ton wg 


H 
L 
X 
z 


Logic Diagrams 


IEEE/IEC 
*F540 


TL/F/9553-3 
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IEEE/IEC 
F541 


TL/F/9553-6 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specifled devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 

Input Current (Note 2) 

Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


VIH 
Vit 


Vep 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


Vou 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
ee 


| inputHIGH Current = HIGH Current 


54F 10% Voc 
74F 10% 5 RR al 


| inputLowCurrent == ss LOW Current 


a a aces 
| OutputLeakage Curent |= 50 | A | Max | 
| Output Shor-Circuit Current | 100225 | mA | Max _ 
| Output HIGH Leakage Current | 250 | A | Max | 
| BusDrainageTest | 800 |_| Ov | 
| PowerSupplyCurrent(F540) | tt 20 | mA | Max | 
| PowerSupplyCurrent(F540) | 6375 | mA | Max | 
| Power Supply Current(F540) | sta] mA | Max | 
| PowerSupplyCurrent(F54t) | 2685 | mA | Max | 
| PowerSupplyCurrent(F541) | 8575 | mA | Max | 
| PowerSupplyCurrent(F541) | St 85 || mA | Max | 
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Input HIGH Vottage pie tet 
Input LOW Voltage ee ee ee 
Input Clamp Diode Voltage pt VL | 





Input HIGH Current A 
a Test . 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signa! 
Recognized as a LOW Signal 
In = —18mMA 


lon = —3 MA 
lon = —12mMA 
lon = —3mA 
lon = —12mA 
lon = —3mA 
lon = —15mA 


lo. = 48mA 
lo. = 64mA 


| Max | Vin = 2.7V 
Vin = 7.0V 


| Max | Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 9V 
Vout = Vcc 
Vout = Voc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 





AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


LpS e OPS 


Ta = +25°C 
Parameter Vcc = +5.0V 
C._ = 50 pF 


Typ Max | Min Max | Min Max_| 


Min 
Propagation Delay 1.5 3.0 5.0 1.0 6.0 1.0 5.5 
Data to Output (F540) 1.0 2.0 4.0 1.0 4.5 1.0 4.0 


Output Enable Time (’F540) 2.5 4.9 8.0 2.5 9.0 2.5 8.5 
3.5 5.8 10.0 3.5 11.0 3.5 10.5 


Output Disable Time ('F540) 1.5 3.4 6.0 1.5 7.0 1.5 6.5 
2.5 5.5 1.0 7.5 1.0 6.0 


1.0 
Propagation Delay 1.5 3.3 5.5 1.5 6.0 
Data to Output (’F541) 1.5 2.7 5.5 1.5 6.0 
Output Enable Time (F541) 3.0 5.8 8.0 2.5 9.5 
3.5 6.1 8.5 3.0 9.5 
Output Disable Time (’F541) 1.5 3.4 6.0 1.5 6.5 
1.5 2.9 5.5 1.5 6.0 


Ta; Vec = Mil | Ta, Vcc = Com 
C, = 50 pF C_ = 50 pF 





4-429 


543 


National 
Semiconductor 


54F/74F543 
Octal Registered Transceiver 


General Description 


The ’F543 octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc- 
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent control of 
inputting and outputting in either direction of data flow. The 
A outputs are guaranteed to sink 24 mA (20 mA Mil) while 
the B outputs are rated for 64 mA (48 mA Mil). 


Ordering Code: see sections 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


oon monk WwW DH 


TL/F/9554-1 


= 
Oo 


IEEE/IEC 


= 
np — 


TL/F/9554-5 


Features 

@ 8-bit octal transceiver 

m Back-to-back registers for storage 

m Separate controls for data flow in each direction 
@ A outputs sink 24 mA (20 mA Mil) 

@ B outputs sink 64 mA (48 mA Mil) 

= 300 mil slim package 


Connection Diagrams 
Pin Assignment 
for LCC and PCC 


Ag As Ag NC Az Ap Ay 
7 fo (9) fe) 7 fe) GB) 





B 
(2 22 23 24 eS 
TL/F/9554-3 


TL/F/9554-2 
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Unit Loading/Fan Out: see Section 2 a U.L. definitions 


[ SETAE 
Description ULL. Input hin/ti. 
HIGH/LOW Output Ion/loL 


A-to-B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Output Enable Input (Active LOW) 1.0/1.0 20 pA/-0.6 mA 
A-to-B Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 
B-to-A Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 
A-to-B Latch Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Latch Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
A-to-B Data Inputs or 3.5/1.083 70 pA/—650 pA 
B-to-A TRI-STATE® Outputs 150/40 (33.8) | —3 mA/24 mA (20 mA) 
B-to-A Data Inputs or 3.5/1.083 70 pA/—650 pA 
A-to-B TRI-STATE Outputs 600/106.6 (80) | —12 mA/64 mA (48 mA) 


Functional Description Data I/O Control Table 


The ’F543 contains two sets of eight D-type latches, with 

separate input and output controls for each set. For data 
flow from A to B, for example, the A-to-B Enable (CEAB) DEAR 

input must be LOW in order to enter data from Ag-A7 or 
take data from Bo-B7, as indicated in the Data I/O Control Latched High Z 
Table. With CEAB LOW, a LOW signal on the A-to-B Latch Latched _ 
Enable (LEAB) input makes the A-to-B latches transparent; Transparent _ 
a subsequent LOW-to-HIGH transition of the LEAB signal High Z 
puts the A latches in the storage mode and their outputs no 
longer change with the A inputs. With CEAB and OEAB both 
LOW, the TRI-STATE B output buffers are active and reflect H = HIGH Voltage Level 
the data present at the output of the A latches. Control of Ue oe Level 


eaten F xX =| terial 
data flow from B to A is similar, but using the CEBA, LEBA eRe ner ee ey eeeeene 


Driving 





and OEBA inputs. is the same, except using CEBA, LEBA and OEBA 
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Logic Diagram 


DETAIL Ax7 


LEA 
TL/F/9554-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Mititary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambiesnt Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vi Input HIGH Voltage a 


54F/74F 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Set unt | Yoo Conditions 


|_| Recognized as a HIGH Signal 


VIL Input LOW Voltage ag Cy ek ae Recognized as a LOW Signal 


Vep 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 6% Voc 


VOH 


74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 20m _| a | 
Input HIGH Current 
Input HIGH Current ah 
Breakdown Test (I/O) 

= 1: 2 


eee a ee eo 
lu. + loze_| Output Leakage Current p50 | nA | Max | 


—60 
—100 


los Output Short-Circuit Current 





Input Clamp Diode Voltage 12} v | in| hy = —18mA 


lon = —1mA (An) 
loH = —3 MA (Ap (Bp) 
lon = —12 mA (Bp) 
lo = —1 MA (Ap) 
lon = —3 MA (Ap, Br) 
lon = —12 mA (Bp) 
lo = —1 mA (Ap) 
lon = —3 MA (An, Bp) 
lon = —15 mA (By) 


lo. = 20 mA (Ay) 
lo. = 48 mA (Bp) 
lo. = 24 mA (Ap) 
lo. = 64mA (By) 


Vin = 2.7V 


Vin = 7.0V (OEAB, OEBA, 
LEAB, LEBA, GEAB, CEBA) 


VIN = 5.5V (An, Bn) 


Vin = 0.5V (OEAB, OEBA) 
Vin = 0.5V (GEAB, CEBA) 


VouT = 2.7V (An, Bn) 
Vout = 0.5V (An, Bn) 


Vout = OV (An) 
Vout = OV (Bn) 


150 
5 fmm | max 
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DC Electrical Characteristics (continued) 


Parameter aide Vcc Conditions 
Min Typ Max 


Output HIGH Leakage Current | 250 | A | Max_| Vour = Voo (An Ba 


Bus Drainage Test p50 || A | 0.0V | Vout = Voc (An Br) 


Power Supply Current 67 100 | oma | Max | 
Power Supply Current | est | mA Max | 
Power Supply Current | es 125 | mA _| Max | Vo=HIGHZ 





Ta = +25°C 
Voc = +5.0V 


Propagation Delay 55 
Transparent Mode 6, 0 
An to Bry or By to An : 


Propagation Delay 4.5 8.5 11.0 
LEBA to A, 4.5 8.5 11.0 


Propagation Delay 4.5 8.5 11.0 
LEAB to By, 4.5 8.5 11.0 


Output Enable Time 
EBA or OEAB to A, or By 


EBA or CEAB to A, or By, 


utput Disable Time 
EBA or OEAB to A, or Bh 


CEBA or CEAB to A, or Br 


Setup Time, HIGH or LOW 
An or B, to LEBA or LEAB 


Hold Time, HIGH or LOW 
Ap or By to LEBA or LEAB 


Latch Enable, BtoA 
Pulse Width, LOW 
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54F/74F544 
Octal Registered Transceiver 


General Description 


The ’F544 octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc- 
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent control of 
inputting and outputting in either direction of data flow. The 
A outputs are guaranteed to sink 24 mA (20 mA Mil) while 
the B outputs are rated for 64 mA (48 mA Mil). The 'F544 
inverts data in both directions. 


Ordering Code: see sections 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


oan OTF WA HH 


—_ 
Oo 


TL/F/9555-2 


—-_— 
no — 


(EEE/IEC 


TL/F/9555-1 


Features 

m 8-bit octal transceiver 

g Back-to-back registers for storage 

m Separate controls for data flow in each direction 

@ A outputs sink 24 mA (20 mA Mil), B outputs sink 
64 mA (48 mA Mil) 

m 300 mil slim PDIP 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Ag Ag Ay NC As Ap Ay 
OOO 





— 7 
fi) Bd 2) 22 23} Ba BS 
Bg Bs B, NC Bs Bo By 


TL/F/9555-4 


TL/F/9555-3 
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Unit Loading/Fan Out: sce Section 2 ee U.L. definitions 


a 7. ee 
Pin Names Description ULL. Input Iya/lie 
HIGH/LOW Output Ion/lot 


A-to-B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—-0.6 mA 
B-to-A Output Enable Input (Active LOW) 1.0/1.0 20 pA/—-0.6 mA 
A-to-B Enable Input (Active LOW) 1.0/2.0 20 pA/-1.2 mA 
B-to-A Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 MA 
A-to-B Latch Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Latch Enable Input (Active LOW) 1.0/1.0 20 pA/-—0.6 mA 
A-to-B Data Inputs or 3.5/1.083 70 pA/—650 pA 
B-to-A TRI-STATE Outputs 150/40(33.3) | —3 mA/24 mA (20 mA) 
B-to-A Data Inputs or 3.5/1.083 70 pA/—650 pA 
A-to-B TRI-STATE Outputs 600/106.6(80) | — 12 mA/64 mA (48 mA) 


Functional Description 
The ’F544 contains two sets of eight D-type latches, with aa ae 1/0 Control Table 


separate input and output controls for each set. For data 
flow from A to B, for example, the A-to-B Enable (CEAB) | inputs da atch Status | Output Buffers 
input must be LOW in order to enter data from Ap-A7 or OEAB 


LEAB 

take data from Bo~By, as indicated in the Data I/O Control 

Table. With CEAB LOW, a LOW signal on the A-to-B Latch x palened ene 
Enable (LEAB) input makes the A-to-B latches transparent; H Latched a 

a subsequent LOW-to-HIGH transition of the LEAB signal L Transparent = 
puts the A latches in the storage mode and their outputs no X High Z 
longer change with the A inputs. With CEAB and OEAB both X Driving 
LOW, the TRI-STATE® B output buffers are active and re- 
flect the data present at the output of the A latches. Control 
of data flow from B to A is similar, but using the CEBA, 





= HIGH Voltage Level 
L = LOW Voltage Level 


LEBA and OEBA inputs. X = Immaterial 


A-to-B data flow shown; B-to-A flow control is the same, 
except using CEBA, LEBA and OEBA 
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Logic Diagram 


beeowemrwreecee 


DETAIL Ax7 


LEAB 
TL/F/9555-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


—0.5V to Vcc 
—0.5V to + 5.5V 


twice the rated Io, (mA) 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 


Input Current (Note 2) —30 mA to +5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—55°C to + 125°C 
o°c to + 70°C 


+4,5V to +5.5V 
+4,.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter ene Vcc 
Min) Typ Max 


Vin Input HIGH Voltage | 20 ~~ ——~« | -v_ |__| Recognized as a HIGH Signal 
VIL Input LOW ee eae SEs Recognized as a LOW Signal 


Conditions 


Vop in| = —18mA, 


in | An, Bn) 


Output HIGH 
Voltage 


VOoH 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 


loo = —1mMA (Ap) 
lon = —3 mA (Ap, Bn) 
loo = —12mA (Bn) 
loH = —1mA (Ap) 
lon = —3mA (An, B,) 
lon = —12 mA (By) 
loo = —1mA (Ap) 
loH = —3mA (Ap, Bp) 
low = —15mA @,) 


74F 10% Voc 





lo. = 20 mA (A,) 

V lo. = 48 mA (By) 

lo. = 24 mA {A,) 

74F 10% Voc lo. = 64 mA (B,) 


he Input HIGH Current Max | Vin = 2.7V (except Ap, Bn) 
Iavi Input HIGH Current Vin = 7.0V (except Ap, By) 
Breakdown Test 
Input HIGH Current Vin = 5.5V (Ap, Bn) 
0 
Breakdown Test (I/O) 
aA Vin = 0.5V (OEAB, OEBA) 
Vin = 0.5V (CEAB, CEBA) 
li + lozH | Output Leakage Current P70 fp | Max | Max | Vout = 2.7V (Ap, Bn) 
lit + loz. | Output Leakage Current | 650] pa | Max | Vout = 0.5V (Ap; Bn) 


los Output Short-Circuit Current —60 —150 aN Vout = OV (Ap) 
—100 —225 Vout = OV ,) 


[OutputHIGH Leakage Current |_— 250 |_wA_| Max | Vout = Voc An Br) 
| 500 | A _| 0.0V | Vour = Veo An, Br) 
105 | mA Vo = HIGH 
|PowerSupplyCurrent | 85130 | mA | Max | Vo = LOW 

| PowerSupplyCurrent | 83125 | ~mA_| Max| Vo =HIGHZ 
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lie Input LOW Current 


Max 


ICEX 
lzz Bus Drainage Test 
IOCH Power Supply Current 70 
IccL 


Iocz 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
CL = 50 pF 


Ta, Voc = Mil 
C. = 50 pF 


Propagation Delay 3.0 7.0 
Transparent Mode 3.0 5.0 
An to Br or By to An 


Propagation Delay 6.0 10.0 13.0 6.0 18.0 6.0 
LEBA to A, 4.0 7.0 9.5 4.0 11.5 4.0 


Propagation Delay 6.0 10.0 13.0 6.0 18.0 6.0 
CEAB to By 4.0 7.0 9.5 4.0 11.5 4.0 


Output Enable Time 
OEBA or OEAB to A, or Bp, 
CEBA or CEAB to A, or By 


Output Disable Time 
OEBA or OEAB to A, or By, 
CEBA or CEAB to A, or By, 


AC Operating Requirements: see Section 2 for Waveforms 


a ee 
Ta = +25°C = = 
Parameter Veo = +5.0V Ta, Vcc = Mil Tas Vec = Com 


Setup Time, HIGH or LOW 


An or By to LEBA or LEAB ee 
Hold Time, HIGH or LOW 3.0 3.0 3.0 

An cr 8, to LEBA cr LEAS 2.0 2.0 3.0 

Latch Enable, B toA 75 

Pulse Width, LOW ; 
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National 
Semiconductor 


54F/74F545 Octal Bidirectional 
Transceiver with TRI-STATE® Outputs 


General Description 


The 'F545 is an 8-bit, TRI-STATE, high-speed transceiver. It 
provides bidirectional drive for bus-oriented microprocessor 
and digital communications systems. Straight through bidi- 
rectional transceivers are featured, with 24 mA (20 mA Mil) 
bus drive capability on the A ports and 64 mA (48 mA Mil) 
bus drive capability on the B ports. 

One input, Transmit/Receive (T/R) determines the direction 
of logic signals through the bidirectional transceiver. Trans- 
mit enables data from A ports to B ports; Receive enables 
data from B ports to A ports. The Output Enable input dis- 
ables both A and B ports by placing them in a TRI-STATE 
condition. 


Ordering Code: see sections 
Logic Symbols 


Ap Ay Az Az Ag Ag Ag Az 
OE 


T/R 





TL/F/9556-3 
IEEE/IEC 


oan moet WN = 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

m@ Higher drive than 8304 

a 8-bit bidirectional data flow reduces system package 
count 

m@ TRI-STATE inputs/outputs for interfacing with bus-ori- 
ented systems 

@ 24 mA (20 mA Mil) and 64 mA (48 mA Mil) bus drive 
capability on A and B ports, respectively 

& Transmit/Receive and Output Enable simplify control 
logic 


Connection Diagrams 
Pin Assignment 
for LCC and PCC 


Az Ag As Ag As 
HOH 





a8 8 
4 1) fe) fal 
Bs B, Bs By By 


TL/F/9556-2 


TL/F/9556-1 


Truth Table 


Bus B Data to Bus A 
Bus A Data to Bus B 


Description 


Output Enable Input (Active LOW) 
Transmit/Receive Input 

Side A TRI-STATE Inputs or 
TRI-STATE Outputs 

Side B TRI-STATE Inputs or 
TRI-STATE Outputs 


x= 


IGH Voltage Level 
OW Voltage Level 
mmaterial 

High Impedance 


Nx<XCZ 
ion ot gy 
am 


54F/74F 


ULL. Input IyH/li 
HIGH/LOW Output Ion/loL 


1.0/2.0 
1.0/2.0 
3.5/1.083 
150/40 (33.3) 
3.5/1.083 
600/106.6 (80) 


20 pA/—1.2 mA 
20 pA/—-1.2 mA 
70 pA/—650 pA 
—3 mA/24 mA (20 mA) 
70 pA/—650 pA 
— 12 mA/64 mA (48 mA) 
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Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ . : 
Distributors for availability and specifications. ees oe Tamperalule —~55°C to +125°C 
Storage Temperature —65°C to + 150°C Commercial O°C to +70°C 
Ambient Temperature under Bias —58°C to + 125°C Supply Voltage 
Junction Temperature under Bias — 55°C to + 175°C Military +4.5V to +5.5V 
Voc Pin Potential to Commercial +4,5V to +5.5V 
Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output —0.5V to Voc 
TRI-STATE Output —0.5V to + 5.5V 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Seen ee: eae —— 


VIH Input HIGH Voltage EE Recognized as a HIGH Signal 
ViL Input LOW Voltage ane Recognized as a LOW Signal 
Veo Input Clamp Diode Voltage ea lin = —18 mA (OE, T/A) 


VoH Output HIGH 54F 10% Voc lon = —1mA (A,) 
Voltage 54F 10% Voc : lon = —3 mA (Ap) 
54F 10% Voc lon = —12 mA (Bp) 
74F 10% Voc ; lon = —1 mA (Ap) 
74F 10% Voc : lon = —3 MA (Ap) 
7T4F 10% Voc : lon = —12 MA (Bp) 
74F 5% Voc : loH = —1mA (Ap) 
74F 5% Voc . lon = —3mA (Ap) 
74F 5% Voc E lon = —15 mA (B,) 


Output LOW 54F 10% Voc ; loL = 20 mA (Ap) 
Voltage 54F 10% Voc : lo. = 48 mA (Bp) 
74F 10% Voo : lo = 24mA (An) 
74F 10% Voc lo. = 64 mA (Bn) 


hi Input HIGH Current P20 | A | Max | Vin = 2.70 OE, 1) 

levi Input HIGH Current 400 A Vin = 7.0V (OE, T/R) 
Breakdown Test 2 

lavit Input HIGH Current 1.0 A Vin = 5.5V (An, Bn) 
Breakdown Test (I/O) ; < 


Me Input LOW Current pte | mA | Max | Vin = 0.5V (OE, T/A) 
li + lozH | Output Leakage Current 2h Mee Vout = 2.7V (An, Bn) 
iit + loz. | Output esalane Current F650 | BA | Vout = 0.5V (An, Bn) 


: Sel = [me [ea 
—100 —225 Vout = OV (Bp) 
ICEX | OutputHIGH Leakage Curent [| 250 | HA Vout = Voc 
2 | Bus DranagoTest | 80 | wv 0.0 | Vou = Vor 
crt | Power Supp Curent [7090 | ma | Max | Vo = HIG 
cc | Power Supp Curent [05120 [ma | Wax_| Vo = LOW 
ccz | Power SupplyGurent [6810 | ma | Max | Vo = HIGH? 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C_ = 50 pF 


Ta, Vec = Mil 
C. = 50 pF 


Propagation Delay 
An to Bry or By, to za 


Logic Diagram 


TL/F/9556-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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National 
Semiconductor 


54F/74F547 
Octal Decoder/Demultiplexer 
with Address Latches and Acknowledge 


General Description Features 


The 'F547 is a 3-to-8 line address decoder with latches for ™ 3-to-8 line address decoder 

address storage. Designed primarily to simplify multiple chip mm Address storage latches 

selection in a microprocessor system, it contains one active m™ Multiple enables for address extension 
LOW and two active HIGH Enables to conserve address a Open collector acknowledge output 
space. Also included is an active LOW Acknowledge output 

that responds to either a Read or Write input signal when 

the Enables are active. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


Os Ay Ag RD WR 
BOW 
a 


Op 0; 02 03 04 05 Og 07 





TEF/ESS7=1 


1 

2 
3 
4 
5 
6 
7 
) 
9 


JEEE/IEC 


pare 
°o 


TL/F/9557-3 


TL/F/9557-2 


TL/F/9557-4 
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Unit Loading/Fan Out: see section 2 for U.L. definitions 


Description 


Address Select Inputs 

Chip Enable Input (Active LOW) 

Chip Enable Inputs 

Latch Enable Input 

Read Acknowledge Input (Active LOW) 
Write Acknowledge Input (Active LOW) 


Open Collector Acknowledge Output (Active LOW) 


Decoded Outputs (Active LOW) 
*OC = Open Collector 


Functional Description 


When enabled, the 'F547 accepts the Ag—Ao Address in- 
puts and decodes them to select one of eight active LOW, 
mutually exclusive outputs, as shown in the Decoder Truth 
Table. With LE HIGH, the Address latches are transparent 
and the output selection changes each time the Ag-Ao ad- 
dress changes. When LE is LOW, the latches store the last 
valid address preceding the HIGH-to-LOW transition of the 
LE input signal. For applications in which the separation of 
latch enable and chip enable functions is not required, LE 
and E, can be tied together, such that when HIGH the out- 
puts are OFF and the latches are transparent, and when 
LOW the latches are storing and the selected output is en- 
abled. 


The open collector Acknowledge (ACK) output is normally 
HIGH (i.e., OFF) and goes LOW when Ej, Eo and Eg are all 
active and either the Read (RD) or Write (WR) input is LOW, 
as indicated in the Acknowledge Truth Table. 





54F/74F 


ULL. Input iy/li 
HIGH/LOW | Output IoH/lor 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
*0C/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 wA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
*OC/20 mA 
—1mA/20 mA 


Acknowledge Truth Table 


IGH Voltage Level 
OW Voltage Level 
material 


Latch Status Table 


| inputLe Latch Status 
H Transparent 
L Storing 


Output Status Table 


Decoder 
Outputs 


0, = LOWt 

Qo-07 = HIGH 
O9-07 = HIGH 
O9-07 = HIGH 


+See Decoder Truth Table 


Decoder Truth Table” 


——————————— 


gl 


mrrrirrirtier 
Errrrire$x|9l 


*Assuming E,, LOW; Eg and Eg, HIGH 


mrrrrirris2/|9l 
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Irrreirxrriz| 
rrrrrrxrr|di 
mrerrrirrs|9i 
-rrrrrxrr.r|g 





Lvs 


Logic Diagram 


ACK 
TL/F/9557-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Veco 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 


Symbol Parameter 


Min Typ 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Vin 
ViL 


Output HIGH 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 

Input HIGH Current 
Breakdown Test 

Input LOW Current 

Output Short-Circuit Current 
Output HIGH Leakage Current 
Open Collector, Output 

OFF Leakage Test 


Power Supply Current 17 


Voltage 





hwy 
Noo 
ho 
oO 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


= 
yy 
x 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mMmA 


lon = —1mA (ACK, O,) 
low = —1 mA (ACK, O,) 
lon = —1 mA (ACK, O,) 


lo. = 20 mA (ACK, 6p) 
lo. = 20 mA (ACK, O,) 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 

Vout = OV (On) 
Vout = Vcc (On) 
Vout = Vcc (ACK) 


= = = = 


a 
Oo 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C i 
Parameter Vec = +5.0V is po _ 
C, = 50 pF L P 
Min Typ 


Propagation Delay 2.0 7.0 9.0 3.0 1.5 
An to On 4.5 9.0 12.0 5.0 4.0 


Propagation Delay 2.5 6.5 8.5 3.0 2.0 
E; to O, 3.0 6.5 8.5 3.5 3.0 


Propagation Delay 3.5 7.5 10.0 4.0 3.0 
LE toO, 5.0 14.5 14.0 5.0 5.0 
Propagation Delay 4.0 8.5 10.0 4.5 3.0 
E> or Ez toO, 4.0 8.5 10.0 4.5 4.0 


Propagation Delay 6.5 11.0 13.0 6.5 6.5 
E,, RD or WR to ACK 3.5 7.5 9.5 3.5 3.0 


Propagation Delay 7.5 13.0 14.0 8.0 7.0 
Eo or Es to ACK 4.5 8.5 12.0 5.0 : 4.0 


AC Operating Requirements: see Section 2 for Waveforms 


74F 


Ta = +25°C 
Vec = + 5.0V 





Parameter Ta; Vec = Mil Tas Vec = Com 


Setup Time, HIGH or LOW 

An to LE 

Hold Time, HIGH or LOW 6.0 6.0 6.0 
An to LE 6.0 6.0 6.0 


LEPulse Width HIGH | 60  —_| 


ns 





4-447 


548 


National 
Semiconductor 


54F/74F548 


Octal Decoder/Demultiplexer with Acknowledge 


General Description 


The ’F548 is a 3-to-8 line address decoder with four Enable 
inputs. Two of the Enables are Active LOW and two are 
Active HIGH for maximum addressing versatility. Also pro- 
vided is an Active LOW Acknowledge output that responds 
to either a Read or Write input signal when the Enables are 
active. 


Ordering Code: see sections 
Logic Symbols 





TL/F/9558~3 


wo oaoanrouwnrk wn 


IEEE/IEC 


TL/F/9558-5 


Features 

& 3-to-8 line address decoder 

g Multiple enables for address extension 
@ Open collector acknowledge output 

m Active LOW decoder outputs 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Os Ay Ag RD WR 
BOE 
a 





fu 
Beleey 
Es Ep by Ap % 


TL/F/9558~-2 


TL/F/9558-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


Output Select Address Inputs 

Chip Enable Inputs (Active LOW) 

Chip Enable Inputs 

Read Acknowledge Input (Active LOW) 
Write Acknowledge Input (Active LOW) 


54F/74F 


ULL. Input Tyy/Ie 
HIGH/LOW | Output Ion/loL 


1.0/1.0 | 20 pA/—0.6 mA 
1.0/1.0 | 20 »A/—0.6 mA 
1.0/1.0 | 20 pA/—0.6 mA 
1.0/1.0 | 20 pA/—0.6 mA 
1.0/1.0 | 20 pA/—0.6 mA 


Open Collector Acknowledge Output (Active LOW) | OC*/33.3 */20mA 


Decoded Outputs (Active LOW) 


*OC = Open Collector 


50/33.3 —1mA/20 mA 
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Functional Description Bespowledde:Tsuei ies 


When enabled, the 'F548 accepts the Ag—A2 Address in- 
puts and decodes them to select one of eight active LOW, 
mutually exclusive outputs, as shown in the Decoder Truth 
Table. When one or more Enables is inactive, all decoder 
outputs are HIGH. Thus, the ’F548 can be used as a demul- 
tiplexer by applying data to one of the Enables. 

The open collector Acknowledge (ACK) output is normally 
HIGH (i.e., OFF) and goes LOW when the Enables are all 
active and either the Read (RD) or Write (WR) input is LOW, 
as indicated in the Acknowledge Truth Table. 


E, Eo Es EE, RD WR 





-r-rrex x x< 
c-rerexK «KIX 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Decoder Truth Table 
Outputs 


m 
a 

m 
a 


Ay Ao 


[-) 
Ol 
Ls) 
Ol 
wo 
O| 
a> 
Ol 
N 


xr KK 
- <x x x 
x <x «KX 
Iris 
xo ee ee ae Os 
tTrrst 
po a Ee Be 
iris 


iriTrT 
a ee ges ae 
—-— ~— Fe 
rire 
reais 
-rirt 
oe 
oa es ee a 


se Se 
pS es Sa ee 
a ag Eiger Wea! 
oe 
oe ee ee i 
rIrtir 
[ee a Be 


H 
H 
H 
H 


Logic Diagram 


VY V VY 
VV 


2 3 04 Os 06 07 
TL/F/9558=-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 


Vi 
ViL 
Vep 


Vou Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Ec cr ell 


Voltage 





Output LOW 
Voltage 


| inputHIGH Current =| HIGH Current 


Input HIGH Current 
Breakdown Test 
Input LOW Current as ee 


Output Short-Circuit Current —60 —150 
Output HIGH Leakage Current es 


Power Supply Current pt at | ma 


IceEx 


loHc Open Collector, Output OFF 


Leakage Test 


IocH 


input LOW Voltage anaes et 
Input Clamp Diode Voltage es ee 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 126°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


lin = —18mA 


loH = —1mA (Op-67) 
loo = —1mA (o-07) 
loo = —1mA (Oo-07) 


lo. = 20 mA 
lo. = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 0V (Oo-O7) 
Vout = Vcc 


Vout = Voc (ACK) 


Vo = HIGH 





Parameter 


Propagation Delay 
An to On 


Propagation Delay 
E; or Eo to Op, 
Propagation Delay 
E3 or E4 to O, 
Propagation Delay 
E,; or Eo to ACK 


Propagation Delay 
E3 or E4 to ACK 


Propagation Delay 
RD or WR to ACK 


Vec = +5.0V 
C. = 50 pF 
Typ 


Fe 5.5 
8.0 


8.5 
8.5 


ar 


13.0 
re 8.5 


5.5 10.0 
2.5 5.0 


8.0 
9.5 


8.5 
8.5 


9.5 
9.5 


12.5 
9.5 


14.0 
10.0 


12.0 
8.0 
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Ta, Vcc = Mil 
C._ = 50 pF 


3.0 
4.0 


3.0 
3.5 


5.0 
4.0 


6.5 
3.0 


8.0 
4.0 


2.5 


10.0 
12.0 


10.0 
10.0 


13.0 
12.5 


16.5 
11.0 


19.5 
13.0 


16.5 
8.5 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


1.5 
4.0 


2.0 
3.0 


3.0 
3.5 


6.5 
3.0 


8.0 
4.0 


5.5 
2.5 





8rS 


550¢551 


National © 
Semiconductor 


54F/74F550 ¢ 54F/74F551 


Octal Registered Transceiver with Status Flags 


General Description 


The ’F550 and ’F551 octal transceivers each contain two 8- 
bit registers for temporary storage of data flowing in either 
direction. Each register has its own clock pulse and clock 
enable inputs, as well as a flag flip-flop that is set automati- 
cally as the register is loaded. Each flag flip-flop is provided 
with a clear input, and each register has a separate output 
enable control for its TRI-STATE® buffers. The separate 
clocks, flags and enables provide considerable flexibility as 
1/O ports for demand-response data transfer. The ’F550 is 
non-inverting; the 'F551 inverts data in both directions. 


Ordering Code: sce Sections 
Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 
"F550 


{ 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9559-1 


oman onownkrkt wd = 


TL/F/9559-8 
IEEE/IEC 


Features 

@ 8-bit bidirectional 1/O port with handshake 
m™ Back-to-back registers for storage 
Register status flag flip-flops 

m Separate edge-detecting clears for flags 
m inverting and non-inverting versions 

@ B outputs sink 64 mA (48 mA Mil) 


Pin Assignment 
for LCC and PCC 


TL/F/9559-2 


oOo 
ka = Pe at e, 
Is iaa $2 19 19 10 10 


Hoole el 


TL/F/9559-9 
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Connection Diagrams (Continued) 
"F550 


TL/F/9559-10 TL/F/9559-11 


Ay Aa Az Ay As Ag 


Bo By By By By Bs Bg 87 By By By Bs By Bs Bg By 


TL/F/9559-3 
TL/F/9559-7 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 
54F/74F 


Pin Names Description ULL. Input ha/Ii 
HIGH/LOW Output Ion/lo. 


A-to-B Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
A-to-B Clock Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Clock Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 

A Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 

B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
A-to-B Flag Clear Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Flag Clear Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
A-to-B Data Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE B-to-A Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 
B-to-A Data Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE A-to-B Outputs 600/106.6 (80) —12 mA/64 mA (48 mA) 
A-to-B Status Flag Output (Active HIGH) 50/33.3 —1mA/20 mA 
B-to-A Status Flag Output (Active HIGH) 50/33.3 —1mA/20 mA 
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Functional Description 


Data applied to the A inputs is entered and stored on the 
rising edge of the A Clock Pulse (CPA), provided that the A 
Clock Enable (CEA) is LOW; simultaneously, the status flip- 
flop is set and the A-to-B flag (FAB) output goes HIGH. Data 
thus entered from the A inputs is present at the inputs to the 
B output buffers, but only appears on the B I/O pins when 
the B Output Enable (OEB) signal is made LOW. After the B 
output data is assimilated, the receiving system clears the 
A-to-B flag flip-flop by applying a LOW-to-HIGH tran- 


Logic Diagrams 


sition to the CFAB input. Optionally, the OEB and CFAB 
pins can be tied together and operated by one function from 
the receiving system. 


Data flow from B-to-A proceeds in the same manner de- 
scribed for A-to-B flow. Inputs CEB and CPB enter the B 
input data and set the B-to-A flag (FBA) output HIGH. A 
LOW signal on OEA enables the A output buffers and a 
LOW-to-HIGH transition on CFBA clears the FBA flag. 


DETAIL Ax7 , 


al 


TL/F/9559-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagrams (continued) 


LSSe0SS 


F551 
sc ic ai 
() 


DETAIL Ax7 


o> >o O< | <a 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9559-12 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Current Applied to Output 
in LOW State (Max) 


twice the rated Io, (mA) 


DC Electrical Characteristics 


Input HIGH Voltage Fase Pe 
Input LOW Voltage aan 8 (a 
Input Clamp Diode Voltage ee ee 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Vcc 
74F 10% Voc 


Output Low 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


he Input HIGH Current [2 sf 


Input HIGH Current A 
cic Sa Test a 


IBvi 


lit | inputLOWCurrent = LOW Current 


hn + lozn | Output Leakage Current el 
I+ lozt_| Output Leakage Current p= 850 |_| Max | 


—60 
—100 


los Output Short-Circuit Current 


ICEX 
lzz 

ICCH 
IoC. 


Power Supply Current 


Iocz 





| Output HIGH Leakage Current | 250 | A 
a 
| PowerSupplyGurent | 105140 | mA | Max 


4-456 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military +4.5V to + 5.5V 
Commercial +4.5V to + 5.5V 
Note 1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


— 55°C to + 125°C 
0°C to + 70°C 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA (Ag~A7) 
loH = —3 MA (Ap-A7) 
lon = —12mA (Bo-B7) 
lon = —1 MA (Ag-A7) 
lon = —3 mA (Ap~A7) 
lon = —12 mA (Bo-B7) 
lon = —1 mA (Ap~A7) 
loH = —3 MA (Ap-A7) 
lon = —15 mA (Bo-B7) 


lo, = 20 mA (Ag~A7) 
lo = 48 mA (Bo-B7) 
lo. = 24 mA (Ag~A7) 
lo = 64 mA (Bo-B7) 


Vin = 2.7V (Non I/O Inputs) 
Vin = 7.0V (Non I/O Inputs) 


| Max | Vin = 0.5V (Non I/O Inputs) 
Vout = 2.7V (Ag-A7, Bo-B7) 
Vout = 0.5V (Ag-A7, Bo-B7) 


Vout = OV (Ao-A7) 
Vout = OV (Bo-B7) 


SES 
—225 | mA 

| Max | Vour = Voc 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 


Vo = HIGHZ 


|_ma_| Max | 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
2 Ta, Voc = Mil 
Parameter Vcc = +5.0V C. = 50 pF 
Min Typ Max | Min Max | Min Max_| 
7.5 : : 


Propagation Delay 3.0 5.5 : 
CPA or CPB to By or An 4.0 7.0 9.0 
Propagation Delay 
CPA or CPB to FBA or FAB 38 oe a0 
Propagation Delay 
: E ; : 13.0 
CFAB or CFBA to FAB or FBA 20 30 The + 
Output Enable Time 2.5 5.5 7.5 : i 
OEA or OEB to Ap or By 3. . : 
i 3.0 
2 


7.0 9.5 


5 
6.5 9.0 
5 5.5 7.5 


Output Disable Time 


OEA or OEB to Ap or By 


Parameter 


Setup Time, HIGH or LOW 
An; Bp to CPA, CPB 


Hold Time, HIGH or LOW 
An: Bp to CPA, CPB 


4.0 | 

4.0 
Setup Time, HIGH or LOW 1.0 
CEA, CEB to CPA, CPB 4.0 
Hold Time, HIGH or LOW 2.0 
CEA, CEB to CPA, CPB 2.0 
Pulse Width, HIGH or LOW 3.0 
CPA or CPB 3.0 
Pulse Width, HIGH 3.0 
CFAB or CFBA : 
Recovery Time 
CFAB, CFBA to CPA, CPB 
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54F/74F552 


Octal Registered Transceiver with Parity and Flags 


General Description 


The 'F552 octal transceiver contains two 8-bit registers for 
temporary storage of data flowing in either direction. Each 
register has its own clock pulse and clock enable input as 
well as a flag flip-flop that is set automatically as the register 
is loaded. The flag output will be reset when the output en- 
able returns to HIGH after reading the output port. Each 
register has a separate output enable control for its TRI- 
STATE® buffer. The separate Clocks, Flags, and Enables 
provide considerable flexibility as |/O ports for demand-re- 
sponse data transfer. When data is transferred from the A- 
port to the B-port, a parity bit is generated. On the 


Ordering Code: see Sections 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Olcer Ao Ar Az As Ay As Ag Az 


OJOEAS B, By By Bs By Bs Bg By PARITY 


TL/F/9561~1 


oon nur WAH 


IEEE/IEC 


TL/F/9561-5 


other hand, when data is transferred from the B-port to the 
A-port, the parity of input data on Bg-B7 is checked. 


Features 

g 8-Bit bidirectional |/O Port with handshake 
m@ Register status flag flip-flops 

m Separate clock enable and output enable 
m Parity generation and parity check 

@ B-outputs sink 64 mA 

m@ TRI-STATE outputs 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


OEAS Ag Ay Ap Ag Ay As 





LA 
G3) 2d 23 22 B3 24 eS 
Bo Bs By Bs Bg By OEBR 


TL/F/9561-3 


TL/F/9561-2 
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Unit Loading/Fan Out: see Section 2 for ULL. ee em 


| aF7OF Cd 
Description ULL. Input Na/ lie 
HIGH/LOW Output lon/loL 


A-to-B Port Data Inputs or 3.5/1.083 70 pA/—0.65 mA 
B-to-A TRI-STATE 150/40 (33.3) —3 mA/24 mA (20 mA) 
B-to-A Transceiver Inputs or 3.5/1.083 70 pA/—-0.65 mA 
A-to-B TRI-STATE Output 600/106.6 (80) | —12 mA/64 mA (48 mA) 
B Port Flag Output 50/33.3 —1mA/20 mA 
A Port Flag Output 50/33.3 —1mA/20 mA 
Parity Bit Transceiver Input or Output 3.5/1.083 70 pA/—0.65 mA 
600/106.6 (50) | —12 mA/64 mA (48 mA) 
50/33.3 —1mA/20 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/-0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/~-0.6 mA 
1.0/2.0 20 pA/-1.2 mA 


Parity Check Output (Active LOW) 

R Registers Clock Enable Input (Active LOW) 

S Registers Clock Enable Input (Active LOW) 

R Registers Clock Pulse !nput (Active Rising Edge) 
S Registers Clock Pulse Input (Active Rising Edge) 
B Port and PARITY Output Enable (Active LOW) 


oO 
m 
ive] 
2D 


and Clear FR Input (Active Rising Edge) 
A Port Output Enable (Active LOW) 
and Clear FS Input (Active Rising Edge) 


oe) 
m 
> 
n 


Functional Description 


Data applied to the A-inputs are entered and stored in the R 
register on the rising edge of the CPR Clock Pulse, provided 
that the Clock Enable (CER) is LOW; simultaneously, the 
status flip-flop is set and the flag (FR) output goes HIGH. As 
the Clock Enable (CER) returns to HIGH, the data will be 
held in the R register. These data entered from the A-inputs 
will appear at the B-port 1/O pins after the Output Enable 
(OEBR) has gone LOW. When OEBR is LOW, a parity bit 
appears at the PARITY pin, which will be set HIGH when 
there is an even number of 1s or all Os at the Q outputs of 
the R register. After the data is assimilated, the receiving 
system clears the flag FR by changing the signal at the 
CEBR gin from LOW to HICH. 

Data flow from B-to-A proceeds in the same manner de- 
scribed for A-to-B flow. A LOW at the CES pin and a LOW- 
to-HIGH transition at CPS pin enters the B-input data and 
the parity-input data into the S registers and the parity regis- 
ter respectively and set the flag output FS to HIGH. A LOW 
signal at the OEAS pin enables the A-port I/O pins and a 
LOW-to-HIGH transition of the OEAS signal clears the FS 
flag. When OEAS is LOW, the parity check output ERROR 
will be HIGH if there is an odd number of 1s at the Q outputs 
of the S registers and the parity register. The flag FS can be 
cleared by a LOW-to-HIGH transition of the OEAS signal. 


Register Function Table 
(Applies to R or S Register) 


Hold Data 
Load Data 
Keep Old Data 


H = _ HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~ =LOW-to-HIGH Transition 

t+ = Not LOW-to-HIGH Transition 
NC = No Change 


1.0/2.0 20 pA/—1.2 mA 


Output Control 


AorB 
—_ 


Disable Output 
Enable Output 
Enable Output 


rag rip-riop Function 
(Applies to R or S Flag Flip-Flop) 


x | NC 
= H 


Hold Flag 
Set Flag 
Clear Flag 





HIGH Voltage Level 

LOW Voltage Level 

= Immaterial 
-/ = LOW-to-HIGH Transition 
+ = Not LOW-to-HIGH Transition 


NC = No Change 
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Functional Description 
Parity Generation Function Parity Check Function 


——— Number of HIGHs in the Number of HIGHSs in 
EBR i 
Q Outputs of the R Register parity. Culpa the Q Outputs of 
H X Zz the S Register 
L 0, 2, 4, 6, 8 H 
L 1,3,5,7 L 0, 2, 4, 6,8 
H 


H = HIGH Voltage Level 1,3, 5,7 
L = LOW Voltage Level 0, 2, 4,6, 8 
X = Immaterial 1,3, 5,7 
Z = High Impedance 


HIGH Voltage Level 
W Voltage Level 
material 


Block Diagram 


R7 
ij 7 -— | 
REGISTER=R mm 
[=== —. J 


iil 


|] man 
REGISTER=S | 


PARITY 
GENERATION 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol! Parameter SAEL(SE 
Min Typ Max 
j20 stv | 


Vin Input HIGH Voltage 


Vit Input LOW Voltage 


Vep 
Vou 


Output HIGH 
Voltage 


54F 10% Voc} 2.5 
54F 10% Voc 

54F 10% Voc 

74F 10% Voc 

74F 10% Voc 

74F 10% Voc 

74F 5% Voc 


TAF 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input Clamp Diode Voltage P= .2 | 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


| Recognized as a HIGH Signal 


Paved ol Recognized as a LOW Signal 


| v_| Min | iw = —18 mA (CER, CES, CPR, CPS, OEBR, OEAS) 


lou = —1mA (FR, FS, ERROR, Ap) 
lon = —3 MA (Ap, Bp, PARITY) 

lou = —12mA (Bp, PARITY) 

lo = —1 mA (FR, FS, ERROR, Ap) 
lou = —3 MA (Ap, By PARITY) 

lo = —12mA (Bp, PARITY) 

lo = —1mA (FR, FS, ERROR, Ap) 
tow —3.:MA (An, Bay PARITY) 

lon = —15 mA (Bp, PARITY) 


lol = 20 mA (FR, FS, ERROR, Ap) 
loL = 48 mA (Bp, PARITY) 

lo. = 20 mA (FR, FS, ERROR) 
lo. = 24 mA (Ap) 

lo. = 64 mA (Bp, PARITY) 


hy Input HIGH Current | 20 | A | Max| Vin = 2.7 (CER, GES, CPR, CPS, OEBR, OEAS) 


lavi Input HIGH Current Vin = 7.0V (CER, CES, CPR, CPS, OEBR, OEAS) 
pA 
Breakdown Test 


Iavit 


Input HIGH Current iA Vin = 5.5V (Ap, Bh, PARITY) 
Breakdown Test (I/O) 


ie Input LOW Current “ai Vin = 0.5V (CER, CES, CPR, CPS) 
Vin = 0.5V (OEBR, OEAS) 


liu + lozH | Output Leakage Current | 70 | pa | Max| Vout = 2.7V (An, Bn, PARITY) 


li. + loz. | Output Leakage Current 


los Output Short- 
Circuit Current 


—60 
— 100 


IcEx 
izz 
IoCH 
IocL 
Iocz 


—150 
— 225 


| pA | Max | Vour = 0.5V (An, Bn, PARITY) 
| a | Max] Vour = OV (FR, FS, ERROR, A,,) 
Vout = OV (Bn, PARITY) 
[Output HIGH Leakage Current | 250 | A | Max| 
| 800 | pA | 0.0V| Vout = Voc (An, Bn» PARITY) 
[Power Supply Current | 100150 | mA | Max| 


Power Supply Current | 100-150 | ma | Max | Vo = LOW 
Power Supply Current 110 165 | mA | Max| Vo = HIGHZ 


Vout = Vcc (FR, FS, ERROR, Ap, Bp, PARITY) 


Vo = HIGH 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Me = +5.0V * mee " 
= 50 _ L P 


Propagation Delay 8.0 3.0 9.0 
CPS or CPR to Ap or By 10.5 
Propagation Delay 
CPS or CPR to FS or FR 
Propagation Delay 

OEAS to FS 


Propagation Delay 8.0 14.0 18.0 
CPS to Parity 8.5 14.5 18.5 
Propagation Delay 8.0 13.5 17.5 
CPR to ERROR 7.5 13.0 16.5 


Propagation Delay 3.5 6.0 8.0 
OEAS to ERROR 5.0 7.0 


Enable Time OEAS a 5.5 7.5 
or OEBR to By or Ay 7.0 9.5 
Disable Time OEAS a : 8.5 
or OEBR to By, or Ap 7.5 


Enable Time : : 7.5 
OEBR to Parity 9.5 


Disable Time 3.0 5.5 8.5 
OEBR to Parity 3.0 6.5 7.5 
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AC Operating requremens See a Waveforms 


Ta = +25°C a 
Parameter ae | = +50V Ta: Vec = Mil 


Setup Time, HIGH or LOW 
An OF By or Parity 
to CPS or CPR 


Setup, Time HIGH or LOW 
CES or CER to CPS or CPR 


Hold Time, HIGH or LOW 
CES or CER to CPS or CPR 


Pulse Width, HIGH or LOW 
CPS or CPR 


Hold Time, HIGH or LOW 
An OF By or Parity 
to CPS or CPR 
ca ne F 
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54F/74F563 
Octal D-Type Latch with TRI-STATE® Outputs 


General Description Features 


The 'F563 is a high-speed octal latch with buffered common = Inputs and outputs on opposite sides of package 
Latch Enable (LE) and buffered common Output Enable allowing easy interface with microprocessors 
(OE) inputs. m Useful as input or output port for microprocessors 


This device is functionally identical to the ’F573, but has _™@ Functionally identical to F573 
inverted outputs. 


Ordering Code: see sections 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Do Dy Dz Dz Dy Ds Dg 07 Dg Ds Dy Ds Dy 


BMH) & 4 
Bane 





TL/F/9562-3 


IEEE/IEC 


oon nar Ww Nn —- 





Os, O4 03 0, 0, 


TL/F/9562-2 


_ 
Oo 


TL/F/9562~1 


TL/F/9562-5 


Unit Loading/Fan Out: see Section 2 for UL. em 


a 2 ae 
Description ULL. Input hiW/hiL 
HIGH/LOW Output lon/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input (Active HIGH) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—-0.6 mA 
TRI-STATE Latch Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The ’F563 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the D, inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW the 
latches store the information that was present on the D in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering 
new data into the latches. 


Logic Diagram 


Function Table 


| 
m 


High Z 
High Z 


High Z 
Latched 
Transparent 
Transparent 
Latched 


Pret oz x 


= HIGH Voltage Level! 
= LOW Voltage Level 
= Immaterial 

= High Impedance 

Cc 


H 
L 
X 
Z 
NC = No Change 


TL/F/9562-4 
Ficase hola nal tins Giagrai is provided only for tie Under slatiding Of lugic operations atid sliguid not be used lo eslimale propagalion delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—-30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Viq 
ViL 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


Vep 
VoH 54F 10% Voc 
54F 10% Voc 


74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Leakage Current 


54F 10% Voc 
74F 10% Voc 


lozH 
Output Leakage Current 
Output Short-Circuit Current 
Output HIGH Leakage Current 


loz 
los 

IcEX 
yard Bus Drainage Test 


IocL Power Supply Current 


locz Power Supply Current 


Input HIGH Voltage ie aia 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


8 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
log = —1mA 
lon = —3mA 
log = —1mA 
loo = —3mMA 
lon = —1mA 
loo = —3mA 


lo. = 20 mA 
lo. = 24mA 


VIN = 2.7V 
Vin = 7.0V 


ba 


x 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 


Vout = Vcc 


= 


2° 
° 
< 


Vout = Vcc 
Vo = LOW 
Vo = HIGHZ 


g 
Baek 
> 
Hi 
@ 
x 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C, = 50 pF 


Ta, Vec = Mil Ta: Vcc = Com 
C._ = 50 pF C. = 50 pF 


Propagation Delay : 3.0 : 3.0 
Dy, to On ; 2.0 ; 2.0 


Propagation Delay : 4.0 : 4.0 
LE to Op, : 2.5 : 2.5 
Output Enable Time 2.0 . 2.0 : 2.0 
2.5 : 1.5 
Output Disable Time 1.5 : 1.5 . 1.5 
1.5 : 1.5 


AC Operating dbl Aelia See Section 2 for Waveforms 


7 ee 


Ta = +25°C 


Parameter Se = +50V 


Ta; Vcc = Mil Ta, Vec = Com 


Setup Time, HIGH or LOW : : 2.0 
Dp, to LE 


2.0 
Hold Time, HIGH or LOW 3.0 
Dp, to LE 3.0 
Pao] to ts | 





LE Pulse Width, HIGH 
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National 
Semiconductor 


54F/74F564 


Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The ’F564 is a high-speed, low power octal flip-flop with a 
buffered common Clock (CP) and a buffered common Out- 
put Enable (OE). The information presented to the D inputs 
is sorted in the flip-flops on the LOW-to-HIGH Clock (CP) 
transition. 

This device is functionally identical to the ’F574, but has 
inverted outputs. 


Ordering Code: see Sections 


Logic Symbols 


Dp D, Dy Ds Dy Ds Dg Dy 
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TL/F/9563-6 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 

@ Inputs and outputs on opposite sides of package allow 
easy interface with microprocessors 

@ Useful as input or output port for microprocessors 

@ Functionally identical to 'F574 

mg TRI-STATE outputs for bus-oriented applications 


Connection Diagrams 
Pin Assignment 
for LCC and PCC 


Dg D5 Dy Ds D2 
HOHE 





05 0, 0; 0, 0, 
TL/F/9563-2 


TL/F/9563-1 


Unit Loading/Fan Out: see Section 2 for ULL. em 


[ SETAE 
Description ULL. Input lin/lie 
HIGH/LOW Output IoH/loL 


Data Inputs 
Clock Pulse Input (Active Rising Edge) 


TRI-STATE Output Enable Input (Active LOW) 


TRI-STATE Outputs 


1.0/1.0 

1.0/1.0 

1.0/1.0 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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Functional Description 


The 'F564 consists of eight edge-triggered flip-flops with in- Function Table 
dividual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold times re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 


Hold 

Hold 

Load 

Load 

Data Available 
Data Available 

No Change in Data 
No Change in Data 


rrrrtrtriTtt 


H = HIGH Voltage Level 
L = LOW Voltage Level! 
X = Immaterial 

Z = High Impedance 


~ = LOW-to-HIGH Transition 
NC = No Change 


Logic Diagram 
Da 





<n eS Sale lL 
Piel | Pele | a | Pa 
\/ \/ \/ \/ \/ \/ \/ 
E. | ¢ | ¢ x ¢ | ¢ | ¢ 


4 5 6 


0 1 2 


3 
TL/F/9563-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


ViH 
Vit 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


Vcop 


VoH 54F 10% Voc 
54F 10% Voc 
74F% 10% Voc 


74F% 10% Voc 


74F% 5% Voc 
74F% 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


Input HIGH Current 


Breakdown Test 
n 
loz 
loz. 
los Output Short-Circuit Current 
loEx 
iz 


—60 


looz 


54F/74F 
Min Typ Max 
Input HIGH Voltage Oe a 
2.5 





= 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4,5V to + 5.5V 
+4.5V to +5.5V 


Vcc Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


log = —1mMA 
lon = —3mA 
lon = ~1mA 
lon = —3mA 
lon = —1mA 
lon = —3mA 


lo = 20mA 
lol = 24mA 


Vin = 2.7V 
Vin = 7.0V 


V 
Vv 
V 


= 
> 


100 


> 


3 
> 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 


AN 

Qa 

oO 
= tle 
> > |> 


Vout = Vée 


© 


Vout = Voc 
Vo = HIGHZ 


3 
> 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C Ee 7 
Parameter Vee = +5.0V i a 3 gets a 
a = 50 mo L P L Pp 


Propagation Delay 5.2 2.5 8.5 
CP toO, 5.9 “e 2.5 8.5 
Output Enable Time 5.6 9.0 10.5 2.5 10.0 

6.2 9.0 - g 10.5 2.5 10.0 


Output Disable Time 3.4 5.5 1.5 
2.7 5.5 1.5 te ie 


AC Operating Requirements: See Section 2 for Waveforms 


Ee 


Ta = +25°C “tena a 
Parameter Veco = +5.0V Ta; Voc = Mil Tas Vec = Com 


Setup Time, HIGH or LOW 
D, to CP 


2.5 2.0 
- 3.0 2.5 

Hold Time, HIGH or LOW 2.0 2.0 2.0 

Dp, to CP 2.0 2.0 2.0 

CP Pulse Width 5.0 

HIGH or LOW 5.0 
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National | 
Semiconductor 


54F/74F568 ¢ 54F/74F569 


4-Bit Bidirectional Counters with TRI-STATE® Outputs 


General Description 


The 'F568 and 'F569 are fully synchronous, reversible coun- 
ters with TRI-STATE outputs. The ’F568 is a BCD decade 
counter; the 'F569 is a binary counter. They feature preset 
capability for programmable operation, carry lookahead for 
easy cascading, and a U/D input to control the direction of 
counting. For maximum flexibility there are both synchro- 
nous and master asynchronous reset inputs as well as both 
Clocked Carry (CC) and Terminal Count (TC) outputs. All 
state changes except Master Reset are initiated by the ris- 
ing edge of the clock. A HIGH signal on the Output Enable 


Ordering Code: see section 5 


Logic Symbols 


IEEE/IEC 


TL/F/9565-1 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


oan nner uan 


= 
o 


TL/F/9565-2 


(OE) input forces the output buffers into the high impedance 
state but does not prevent counting, resetting or parailel 
loading. 


Features 

m Synchronous counting and loading 

@ Lookahead carry capability for easy cascading 
m Preset capability for programmable operation 
@ TRI-STATE outputs for bus organized systems 


IEEE/IEC 


CTRDIVIE 


1,7(cT=15) GOP 
2,7(cT=0) 69 P 


0, 
02 
03 


TL/F/9565-4 TL/F/9565-11 


Pin Assignment 
for LCC and PCC 
fee) 

anne 8 





LAA 
HEBoe 
Oy 0; Og OE CC 


TL/F/9565-3 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description 


Parallel Data Inputs 

Count Enable Parallel Input (Active LOW) 
Count Enable Trickle Input (Active LOW) 
Clock Pulse Input (Active Rising Edge) 
Parallel Enable Input (Active LOW) 
Up/Down Count Control Input 

Output Enable Input (Active LOW) 
Master Reset Input (Active LOW) 
Synchronous Reset Input (Active LOW) 
TRI-STATE Parallel Data Outputs 
Terminal Count Output (Active LOW) 
Clocked Carry Output (Active LOW) 


Functional Description 


The '’F568 counts modulo-10 in the BCD (8421) sequence. 
From state 9 (HLLH) it will increment to 0 (LLLL) in the Up 
mode; in Down mode it will decrement from 0 to 9. The 
"F569 counts in the modulo-16 binary sequence. From state 
15 it will increment to state 0 in the Up mode; in the Down 
mode it will decrement from 0 to 15. The clock inputs of all 
flip-flops are driven in parallel through a clock buffer. All 
state changes (except due to Master Reset) occurs syn- 
chronously with the LOW-to-HIGH transition of the Clock 
Pulse (CP) input signal. 

The circuits have five fundamental modes of operation, in 
order of precedence: asynchronous reset, synchronous re- 
set, parallel load, count and hold. Five control inputs—Mas- 
ter Reset (MR), Synchronous Reset (SR), Parallel Enable 
(PE), Count Enable Parallel (CEP) and Count Enable Trickle 
CET)—plus the Up/Down (U/D) input, determine the mode 
of operation, as shown in the Mode Select Table. A LOW 
signal on MR overrides all other inputs and asynchronously 
forces the flip-flop Q outputs LOW. A LOW signal on SR 
overrides counting and parallel loading and allows the Q 
outputs to go LOW on the next rising edge of CP. A LOW 
signal on PE overrides counting and allows information on 
the Parallel Data (P,) inputs to be loaded into the flip-flops 
on the next rising edge of CP. With MR, SR and PE HIGH, 
CEP and CET permit counting when both are LOW. Con- 
versely, a HIGH signal on either CEP or CET inhibits count- 
ing. 

The ’F&68 and 'F569 use edge-triggered flip-flops and 
changing the SR, PE, CEP, CET or U/D inputs when the CP 
is in either state does not cause errors, provided that the 
recommended setup and hold times, with respect to the ris- 
ing edge of CP, are observed. 

Two types of outputs are provided as overflow/underflow 
indicators. The Terminal Count (TC) output is normally HIGH 
and goes LOW providing CET is LOW, when the 
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ULL. Input lWa/ he 
HIGH/LOW Output Ion/loL 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
150/40(33.3) 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 

—3 mA/24 mA (20 mA) 
—1mA/20 mA 
—1mA/20 mA 


counter reaches zero in the Down mode, or reaches maxi- 
mum (9 for the ’F568, 15 for the ’F569) in the Up mode. TC 
will then remain LOW until a state change occurs, whether 
by counting or presetting, or until U/D or CET is changed. 
To implement synchronous multistage counters, the con- 
nections between the TC output and the CEP and CET in- 
puts can provide either slow or fast carry propagation. 


Figure 1 shows the connections for simple ripple carry, in 
which the clock period must be longer than the CP to TC 
delay of the first stage, plus the cumulative CET to TC de- 
lays of the intermediate stages, plus the CET to CP setup 
time of the last stage. This total delay plus setup time sets 
the upper limit on clock frequency. For faster clock rates, 
the carry lookahead connections shown in Figure 2 are rec- 
ommended. In this scheme the ripple delay through the in- 
termediate stages commences with the same clock that 
causes the first stage to tick over from max to min in the Up 
mode, or min to max in the Down mode, to start its final 
cycle. Since this final cycle takes 10 (’F568) or 16 (F569) 
clocks to complete, there is plenty of time for the ripple to 
progress through the intermediate stages. The critical timing 
that limits the clock period is the CP to TC delay of the first 
stage plus the CEP to CP setup time of the last stage. The 
TC output is subject to decoding spikes due to internal race 
conditions and is therefore not recommended for use as a 
clock or asynchronous reset for flip-flops, registers or coun- 
ters. For such applications, the Clocked Carry (CC) output is 
provided. The CC output is normally HIGH. When CEP, CET, 
and TC are LOW, the CC output will go LOW when the clock 
next goes LOW and will stay LOW until the clock goes HIGH 
again, as shown in the CC Truth Table. When the Output 
Enable (OE) is LOW, the parallel data outputs Og-O3 are 
active and follow the flip-flop Q outputs. A HIGH signal on 
OE forces Og-O3 to the High Z state but does not prevent 
counting, loading or resetting. 





6950895 





568¢569 





Logic Equations 

Count Enable = CEP e CET ¢ PE a 

Up (F568): TC = Qo * Qy * Qo * Qs ® (Up) * CET 
(F569): TC = Qo *Q1*Q2°Qge(Up)*CET 

Down (Both): TC = Qo ® Qy ® Qo ® Qs @ (Down) © CET 


CC Truth Table 


X X 
X X 
H X 
X H 
X X 
L L 


jeszeslalf 


X 
X 
X 
X 
H 
L 


To" | cP 
X 
X 
X 
X 
x 
as 


*TC is generated internally 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

“LY = HIGH-to-LOW-to-HIGH Clock Transition 


Mode Select Table 


Operating 
Mode 


Cc 
~ 
ol 


Asynchronous Reset 
Synchronous Reset 
Parallel Load 


Hold 

Hold 

Count Up 
Count Down 


creo-xK*K <8 
{?) 
cor cae ae be 


- cox x KK x 


H=HIGH Voltage Level 
L=LOW Voltage Level 
X= {Immaterial 


TO ALL STAGES 


FIGURE 1: Multistage Counter with Ripple Carry 


TO ALL STAGES 


FIGURE 2: Multistage Counter with Lookahead Carry 
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State Diagrams 


-~~-- + COUNT DOWN 
————> COUNT UP 


TL/F/9565-7 
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----* COUNT DOWN 
——> COUNT UP 


TL/F/9565-8 
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Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Please note that these diagrams are provided only fo- the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential! to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 


Vin 
VIL 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Vop 
VoH 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 
Breakdown Test 


Symbol Parameter Saree 
Typ Max 
2.0 


Input LOW Voltage 8 | v 





Input HIGH Current — 


-1 2 


Output Leakage Current 
Output Short-Circuit Current 


Output Leakage Current ts 


Output HIGH Leakage Current 
Bus Drainage Test 


Power Supply Current 
Power Supply Current 


Power Supply Current sa fe 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA (TC, CC, O,) 

loo = —3mA (Op) 

lon = —1mA(TC, CC, Op) 

loH = —3 mA (Op) 

lon = —1mA (TC, CC, O,) 
—3 mA (O,) 


lo. = 20 mA (TC, GC, O,) 
lo. = 20 mA (TC, CC) 
lo. = 24 mA (Op) 


Vin = 2.7V 
Vin = 7.0V 


< 


Vin = 0.5V (Pp, CEP, CP, U/D, OE, 
Vin = 0.5V (PE, CET) 


Vout = 2.7V (On) 

Vout = 0.5V (On) 

Vout = OV (TC, CC, On) 
Vout = Voc (TC, CC, On) 
Vout = Voc (On) 

Vo = HIGH 

Vo = LOW 

Vo = HIGH Z 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 
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Ta = +25°C 
Parameter Voc = +5.0V 
C._ = 50 pF 


Min Typ Max | Min Max 
Maximum Clock Frequency 100 115 gon | 


Propagation Delay 3.0 6.5 8.5 
CP to O, (PE HIGH or LOW) 4.0 9.0 11.5 


Propagation Delay 5.5 12.0 15.5 
CP to TC 4.0 8.5 11.0 


Propagation Delay 2.5 4.5 6.0 
CET to TC 2.5 6.0 8. 
: LL 


Ta, Voc = Mil 
Cy. = 50 pF 


9.5 
13.0 


= 
17.5 
12.5 pre 
7 
oo | | 


Propagation Delay 3.5 8.5 11.0 12.5 


U/D to TC 4.0 12.5 16.0 


0 
18.0 
Propagation Delay 2.5 5.5 7.0 
0 
6 


0 
0 
8.0 
CP to CC 2.0 45 6. 7.0 
7. 
12.5 


3.0 
4.0 
5.5 
4.0 
2.5 
2.5 
3.5 
4.0 
2.5 
2.0 
Propagation Delay 2.5 5.0 2.5 
4.0 


CEP, CET to CC 4.0 


: 5 
8 . 
Propagation Delay 
feos . ; . 5.0 14, 
MR to Op 5.0 10.0 13.0 5 
Output Enable Time 2.5 5.5 7.0 2.5 8.0 
OE to O7 3.0 6.0 8.0 3.0 9. 


5 11.0 





MHz 


0 
Output Disable Time 1.5 5.0 6.5 1.5 7.5 
OE to O7 2.0 4.5 6.0 2.0 7.0 
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AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 


Symbol Parameter Vee = +5.0V 


Tas Vcc = Mil Ta, Vec = Com 


2.2 Dm >~ 
oo oo) on 


ts(H) Setup Time, HIGH or LOW 4.0 
ts(L) P,, to CP 4.0 


th(H) Hold Time, HIGH or LOW 
th(L) P, to CP 


ts(H) Setup Time, HIGH or LOW 
t,(L) CEP or CET to CP 


th(H) Hold Time, HIGH or LOW 
th(L) CEP or CET to CP 


ts(H) Setup Time, HIGH or LOW 
t.(L) PE to CP 


ty(H) Hold Time, HIGH or LOW 
tr(L) PE to CP 


ts(H) Setup Time, HIGH or LOW 
t,(L) U/D to CP 


th(H) Hold Time, HIGH or LOW 

ty(L) U/D to CP 

t.(H) Setup Time, HIGH or LOW 10.5 
ts(L) SR to CP 9.5 


12.5 
17.5 


th(H) Hold Time, HIGH or LOW 

th(L) SR to CP 

tw(H) CP Pulse Width, 4.0 2-4 
tyw(L) HIGH or LOW 6.0 

twit) | MRPulsewisthow | 45 | | nts | 
tec___| MARecoveyTime | 609 =| | ons | 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Cy, = 50 pF 


Maximum Clock Frequency 
Propagation Delay 

CP to O, (PE HIGH or LOW) 
Propagation Delay 

CP to TC 


6.5 8.5 
9.0 11.5 


12.0 15.5 
8.5 12.5 


3.0 

4.0 

5.5 

4.0 
Propagation Delay 2.5 4.5 6.5 
CET to TC 2.5 6.0 11.0 
Propagation Delay 3.5 8.5 11.5 
U/D to TC 4.0 8.0 12.0 
Propagation Delay 2.0 5.5 7.0 
CP to CC 2.0 4.5 6.0 
Propagation Delay 2.0 5.0 6.5 
CEP, CET to CC 4.0 

2.5 

3.0 

1.5 

2.0 


Propagation Delay 


MR to O, 


Output Enable Time 
OE to O, 


Output Disable Time 


8. 11.0 


5 
5.0 10.0 13.0 
8.0 


5.5 
6.0 


5.0 
4.5 





OE to Op, 
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"F569 
AC Operating ds abil teal See ae Waveforms 


Ta = +25°C 


bol 
Symbo Parameter Veo = +5.0V 


Ta: Vec = Mil Ta, Vec = Com 


ts(H) Setup Time, HIGH or LOW : : 
t.(L) P, to CP 


th(H) Hold Time, HIGH or LOW 
th(L) P,, to CP 


ts(H) Setup Time, HIGH or LOW 
ts(L) CEP or CET to CP 


tn(H) Hold Time, HIGH or LOW 
th(L) CEP or CET to CP 


te(H) Setup Time, HIGH or LOW Lee 


ts(L) PE to CP 


th(H) Hold Time, HIGH or LOW 
th(L) PE to CP 


ts(H) Setup Time, HIGH or LOW 
te(L) U/D to CP 


th(H) Hold Time, HIGH or LOW 

ty(L) U/D to CP 

ts(H) Setup Time, HIGH or LOW 10.5 11.0 
ts(L) SR to CP 8.5 9.5 


th(H) Hold Time, HIGH or LOW 

thi) | SRtocP 

tw(H) CP Pulse Width, 4.5 
twit) | HIGH or LOW i 22 0 
twit) | MAPusewidth,low | 45 | | 


tec __|_MFi Recovery Time ae ee ieee 2-6 
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National - 
Semiconductor 


54F/74F573 


Octal D-Type Latch with TRI-STATE® Outputs 


General Description 


The 'F573 is a high speed octal latch with buffered common 
Latch Enable (LE) and buffered common Output Enable 
(OE) inputs. 

This device is functionally identical to the 'F373 but has 
different pinouts. 


Ordering Code: see Section 5 
Logic Symbol 


Pin Assignment for 
DIP, SOIC and Flatpak 


Dp Dy 02 Dy Dy Ds Dg 07 


Oo 0, 0» Oz 0, Os 0.6 07 


TL/F/9566-1 


IEEE/IEC 


1 

2 
3 
4 
5 
6 
7 
8 
9 


oO 


TL/F/9566-4 


Features 

m Inputs and outputs on opposite sides of package 
allowing easy interface with microprocessors 

gm Useful as input or output port for microprocessors 

m Functionally identical to ’F373 

m TRI-STATE outputs for bus interfacing 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Dg Ds Dy Ds D2 
BM fl je) 


Os 04 0; 0 0; 
TL/F/9566-3 


TL/F/9566-2 


Unit Loading/Fan Out: see ee ee L. definitions 


| SETA 
Description ULL. Input iq/I 
HIGH/LOW Output Ion/loL 


Data Inputs 

Latch Enable Input (Active HIGH) 
TRI-STATE Output Enable Input 
(Active LOW) 

TRI-STATE Latch Outputs 


1.0/1.0 
1.0/1.0 


1.0/1.0 
150/40(33.3) 





20 pA/—0.6 mA 
20 pA/—0.6 mA 


20 pA/—-0.6 mA 
—3 mA/24 mA (20 mA) 
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Functional Description 


The ’F573 contains eight D-type latches with 3-state output 
buffers. When the Latch Enable (LE) input is HIGH, data on 
the Dp, inputs enters the latches. In this condition the latch- 
es are transparent, i.e., a latch output will change state each 
time its D input changes. When LE is LOW the latches store 
the information that was present on the D inputs a setup 
time preceding the HIGH-to-LOW transition of LE. The 3- 
state buffers are controlled by the Output Enable (OE) input. 
When OE is LOW, the buffers are in the bi-state mode. 
When OE is HIGH the buffers are in the high impedance 
mode but this does not interfer with entering new data into 
the latches. 


Logic Diagram 


Function Table 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Oo = Value stored from previous clock cycle 


\/ \/ \/ \/ \/ \/ / 


e 
i) 0, 02 


e 
05 0, Os 05 0, 


TL/F/9566-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Input HIGH Voltage ep oe 


VIH 
Vit 
Vep 
VoH 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


HH Input HIGH Current 


Input HIGH Current 
Breakdown Test 


lit Input LOW Current 


54F 10% Voc 
74F 10% Voc 


VoL 


IBvi 


lozH Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 


Output HIGH Leakage Current 


loze 
los 

Icex 
Izz Bus Drainage Test 
IocL Power Supply Current 


Iocz Power Supply Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —3mA 
lon = —1 mA 
lon = ~3mMA 
lon = —1mA 
lon = —3mA 


lo. = 20mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Vcc 
Vout = Vcc 
Vo = LOW 
Vo = HIGHZ 
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AC Electrical Characteristics 


Ta = +25°C = a 
Parameter Vec = +5.0V i. ae ey Bese 50 7 
C. = 50pF eae gee 


Min Typ Max | Min Max | Min Max_| 


Propagation Delay 3.0 5.3 7.0 3.0 9.0 3.0 
Dr to Opn 2.0 3.7 6.0 2.0 7.0 2.0 


Propagation Delay 5.0 9.0 11.0 5.0 13.5 5.0 
LE to O, 3.0 5.2 7.0 3.0 7.5 3.0 


Output Enable Time 2.0 5.0 8.0 2.0 10.0 2.0 
2.0 5.6 10.0 


8.5 2.0 2.0 9.5 
Output Disable Time 1.5 4.5 5.5 1.5 7.0 
1.5 3.8 5.5 1.5 5.5 


AC Operating Requirements 


Ta = +25°C 


Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 
Dp, to LE 


Hold Time, HIGH or LOW 
D, to LE 


LE Pulse Width, HIGH 
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National © 
Semiconductor 


54F/74F574 


Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 

The 'F574 is a high-speed, low power octal flip-flop with a 
buffered common Clock (CP) and a buffered common Out- 
put Enable (OE). The information presented to the D inputs 
is stored in the flip-flops on the LOW-to-HIGH Clock (CP) 
transition. 

This device is functionally identical to the ’F374 except for 
the pinouts. 


Ordering Code: see Sections 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Do D, Dy D; D, Ds Dg D7 


0p 0; 02 03 04 Os Og 07 


TL/F/9567-1 


IEEE/IEC 


ol | 
cP 


oon Onuonrnrwnhoe 


EN 
C1 

jo 
ae 
a 
ai 
fe 
pai 
aia 
fee 


TL/F/9567-4 


Features 

m Inputs and outputs on opposite sides of package 
allowing easy interface with microprocessors 

m Useful as input or output port for microprocessors 

@ Functionally identical to F374 

a TRI-STATE outputs for bus-oriented applications 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Dg Ds Dy Dz Dy 
1) 
a's 8 8 8 


11 TL/F/9567~3 


TL/F/9567-2 


bZS 


Unit Loading/Fan Out: See section 2 for ULL. definitions 


54F/74F 


U.L. Input Iia/he 
HIGH/LOW Output Ion/lot 


1.0/1.0 20 pA/—0.6 mA 

1.0/1.0 20 pA/—0.6 mA 

1.0/1.0 20 pA/—0.6 mA 
150/40 (33.3) | —3 mA/24 mA (20 mA) 


Description 


Data Inputs 

Clock Pulse Input (Active LOW) 

TRI-STATE Output Enable Input (Active LOW) 
TRI-STATE Outputs 
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Functional Description 


The ’F574 consists of eight edge-triggered flip-flops with in- 
dividual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
alt flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold times re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 


Logic Diagram 


Function Table 


Hold 

Hold 

Load 

Load 

Data Available 
Data Available 

No Change in Data 
No Change in Data 


rrrrDtat ss 
rz\\\\r2 
za 

OOTTNNNN 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance 

~ = LOW-to-HIGH Transition 
NC = No Change 





Eran 


0; 02 


3 


ot 2] 
Pace | ee 
\/ \/ 
y 


4 5 6 07 


TL/F/9567-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are requlred, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 58°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Input HIGH Voltage Pop 


VIH 
VIL 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 


Vep 
VoH 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 


VoL 


Ni 
IBvi 


Input LOW Current 
Output Leakage Current 
Output Leakage Current 


Me 
lozH 
loz. 
los 
IcEx 
I2z 
Icoz 





Input HIGH Current 
Breakdown Test 


[spice Cured | ano [mn | 
| Output HIGH Leakage Current | 250 | wA_|_ Max | 
| BusDrainageTest | 800 |_| 0.0V 
| Power Supply Curent | 8586 | mA | Max 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signa! 
lin = —18mA 


loo = —1mMA 
lon = —3mMA 
lon = —1mA 
loH = —3mMA 
loH = —1mA 
lod = —3MA 


lo. = 20 mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 

Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 

Vout = Vcc 
Vout = Vcc 
Vo = HIGHZ 





PLS 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C_ = 50 pF 


| Min Typ Max | Min Max | Min Max_| 
Maximum Clock Frequency ee Re = ele sy. MHz 


Propagation Delay 2.5 . : 
CP to Opn 2.5 


Output Enable Time 3.0 10.5 10.0 
ae 10.5 ; : 10.0 


Output Disable Time 1.5 7.0 Pa : 
1.5 7.0 


Ta, Vec = Mil | Ta, Vcc = Com 
C. = 50 pF CL = 50 pF 


AC Operating Requirements: see Section 2 for Waveforms 


a 


Ta = +25°C 


Parameter Voc = +5.0V 


Ta: Voc = Mil Ta, Vcc = Com 


Set-up Time, HIGH or LOW 
Dn to CP 


Hold Time, HIGH or LOW 
Dr, to CP 


CP Pulse Width 
HIGH or LOW 
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National ADVANCED INFORMATION 
Semiconductor 


54F/74F579 
8-Bit Bidirectional Binary Counter 
with TRI-STATE® Outputs 


General Description Features 


The 'F579 is a fully synchronous 8-stage up/down counter ® Multiplexed TRI-STATE I/O ports 
with multiplexed TRI-STATE I/O ports for bus-oriented ap- m Built-in lookahead carry capability 
plications. It features a preset capability for programmable =m Count frequency 100 MHz typ 
operation, carry lookahead for easy cascading and a U/D sw Supply current 75 mA typ 

input to control the direction of counting. All state changes, 

whether in counting or parallel loading, are initiated by the 

rising edge of the clock. 


Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment 
for DIP, SOIC and Flatpak 


ora wn = 


6 
7 
8 
9 
1 


0 


TL/F/9568-1 
TL/F/9568-2 


Pin Assignment 
for LCC and PCC 


02/0 /Op CP UR 
BONE 


TL/F/9568~4 
LA) 
4 
0, 0 CS PEU/D 
TL/F/9568-3 
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Logic Diagram 


va 
X<t-8 
o<p-5i 


u/o 
oP 
CT 


TL/F/9568-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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National | 
Semiconductor 


54F/74F582 
4-Bit BCD Arithmetic Logic Unit 


General Description Features 


The ‘F582 is a 24-pin expandable Arithmetic Logic Unit | ™ Performs four BCD functions 

(ALU) that performs two arithmetic operations (A plus B, A= -P and G outputs for high-speed expansion 
minus B), compare (A equals B), and binary to BCD conver- ™ Add/subtract delay 22 ns max 

sion. In addition to a ripple carry output, carry Propagate (P) im Lookahead delay 15.5 ns max 

and Generate (G) outputs are provided for use with the Supply current 80 mA max 

"F182 carry lookahead generator for high-speed expansion are 

to higher decades. It is functionally equivalent to the 82Sg2, ™ 24-Lead 300 mil slim package 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 
NC C/Bra4 P NC G C/En Ay 
Doo [3] 


A=B [12] (4) 8s 
ne [13} (3) a/s 

GND [14] (1s, 
nc [13] (ne 
Fy Yeo 
F4 NC 
NC B, 





TL/F/9569-1 


1 
2 
3 
4 
5 
6 
7 
8 
9 


IEEE/IEC 


= 
- oO 


(3) 2o (2) Ga) Gs) G4) 5) 


Fp Fo By NC Ag Ay Ay 
TL/F/9569-3 


_ 
Nn 


TL/F/9569-2 


Fo 


Fy 


Fo 


Fs 


TL/F/9569-5 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


ULL. Input hy/Iie 
HIGH/LOW Output Ion/loL 


1.0/2.0 20 pA/—1.2 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/5.0 20 pA/—3 mA 
1.0/3.0 20 pA/—1.8 mA 
1.0/2.0 20 pA/—1.2 mA 
50/33.3 —1mA/20 mA 

OC*/33.3 */20 mA 
50/33.3 —1mA/20 mA 
50/33.3 —1mA/20 mA 
1.0/1.0 20 pA/—0.6 mA 
50/33.3 —1mA/20 mA 
1.0/3.0 20 pA/—1.8 mA 


Pin Names Description 


A Operand Inputs 
B Operand Input 
B Operand !nput 
B Operand Input 


B Operand Input 
Functional Outputs 
Comparator Output 
Carry Propagate Output 
Carry Generate Output 
Carry/Borrow Input 
Carry/Borrow Output 
Add/Subtract 


*OC—Open Collector 
Functional Description 





The ’F582 Binary Coded Decimal (BCD) Arithmetic Logic 
Unit (ALU) is a 24-pin expandable unit that performs addi- 
tion, subtraction, comparison of two numbers, and binary to 
BCD conversion. 


The 'F582's input and output logic includes a Carry/Borrow 
which is generated internally in the lookahead mode, allow- 
ing BCD arithmetic to be computed directly. For more than 
one BCD decade, the Carry/Borrow term may ripple be- 


computing the 9s complement addition of two BCD numbers 
(A—B—1 = F). When C/B is HIGH, the difference of the 
two numbers is figured as A-B = F. For A greater than or 
equal to B, the BCD difference appears at the output F in its 
true form. If A is less than B and C/B is HIGH, the difference 
appears at the output as the 10s complement of the true 
form. If A is less than B and C/B is LOW, the 9s comple- 
ment of the true form appears at the output F. As long as A 


is less than B, and Active LOW borrow is also generated. 


The ’F582 also performs binary to BCD conversion. For in- 
puts between 10 and 15, binary to BCD conversion occurs 


tween ’F582s. 


When A/S is LOW, BCD addition is performed (A + B + 
C/B = F). If the sum is greater than 9, binary to BCD con- 
version results at the output. 

When A/S is HIGH, subtraction is performed. If the C/B is 
LOW, then the subtraction is accomplished by internally 


Logic Diagram 


by grounding the B inputs and applying the binary number to 
the other set of inputs. This will generate a carry term to the 
next decade. 


rp 


>: 


; 


: 


anwar 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —58°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter BARLPAE 
Min Typ Max 


ViH 
ViL 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
T4F 10% Voc 


2.0 


Vcp 
Vou 


Voltage 





Output LOW 
Voltage 


VoL 


li 


IcEX Output HIGH Leakage Current 


Open Collector, Output 
OFF Leakage Test 


Power Supply Current 


loHc 


loc 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to + 5.5V 


Vcc Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


in = —18mA 


loH = —1mA (Fn P, G, C/Bny +4) 
lon = —1MA (Fp, 
= —1mA( pn, 


= 20mA 
= 20mA 


= 2.7V 
Vin = 7.0V 


P, G, C/B, 
P, G, C/B, +4) 


Vin = 0.5V (Bo, C/B) 
Vin = 0.5V (Ap, Ba) 
Vin = 0.5V (A/S, Bo) 
Vin = 0.5V (By) 


Vout = OV (Fr: P, G, C/B, + 4) 


Vout = Vcc 
Vout = Vcc (A=B) 


Vo = LOW 





28S 


582 


AC Operating requirements: See Section 2 for Waveforms 


Ta = +25°C 
cae = +5.0V 


Parameter 


Propagation Delay 
An Or Br to Fr 


Propagation Delay 
Propagation Delay 
Propagation Delay 
AnorB, to A = B 


Propagation Delay 
A, or Bat to G orP 


rf 


4.0 
4.0 


3.5 
2.0 


8.0 
6.0 


4.0 
3.5 


2.5 
7.0 


4.0 
2.5 


ae 0 
22.0 


21.5 
16.0 


ee Vcc = Mil ee Vec = Com 
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54F/74F583 
4-Bit BCD Adder 


General Description 


The ’F583 high-speed 4-bit, BCD full adder with internal car- 
ry lookahead accepts two 4-bit decimal numbers (Ag-A3, 
Bo-Bs3) and a Carry Input (C,). It generates the decimal sum 
outputs (Sg-S3), and a Carry Output (Cy, +4) if the sum is 
greater than 9. The ’F583 is the functional equivalent of the 
82S83. 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


Ap By Ay By Az Bg Ag Bs 
C, Che4 


So Sy 82S 


TL/F/9570-1 
IEEE/IEC 


Ao =< 0 2(800)| 


On nar WwW DH 


Cres 
TL/F/9570-4 


Features 

m@ Adds two decimal numbers 

g@ Full internal lookahead 

@ Fast ripple carry for economical expansion 
m Sum output delay time 16.5 ns max 

m Ripple carry delay time 8.5 ns max 

m Input to ripple delay time 14.0 ns max 

m Supply current 60 mA max 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Cora Cn NC Ax Bs 
[8] 7) (8) 5) 4) 
Beess 





LAA A | 
4 be) (2 fe) 
Sy By NO Ay Ay 


TL/F/9570-2 
TL/F/9570-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


ULL. Input tW/hie 
HIGH/LOW Output Ion/lot 


A Operand Inputs 
B Operand Inputs 
Carry Input 

Sum Outputs 
Carry Output 


20 pA/—1.2 mA 

20 pA/—1.2 mA 

20 pA/—0.6 mA 
—1mA/20 mA 
—-1mA/20 mA 
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Functional Description 


The 'F583 4-bit binary coded (BCD) full adder performs the 
addition of two decimal numbers (Ag—A3, Bo-Bs3). The look- 
ahead generates the BCD carry terms internally, allowing 
the ’F583 to then do BCD addition correctly. For BCD num- 
bers 0 through 9 at A and B inputs, the BCD sum forms at 
the output. In the addition of two BCD numbers totalling a 
number greater than 9, a valid BCD number and a carry will 
result. 


Logic Diagram 


Pot 
Sor 


SH 


[a Sas 


ie 





For input values larger than 9, the number is converted from 
binary to BCD. Binary to BCD conversion occurs by ground- 
ing one set of inputs, A, or B,, and applying any 4-bit binary 
number to the other set of inputs. If the input is between 0 
and 9, a BCD number occurs at the output. If the binary 
input falls between 10 and 15, a carry term is generated. 
Both the carry term and the sum are the BCD equivalent of 
the binary input. Converting binary numbers greater than 16 
may be achieved through cascading 'F583s. 


EO T 


nia 


TL/F/9570-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage eRe BRT 


Vin 
ViL 


Output HIGH 2.5 


a 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% cic ae 


Voltage 





Output LOW 
Voltage 


| InputHiGH Current = HIGH Current 


ICEX 
Ioct 


54F/74F 


Input HIGH Current 
Breakdown Test 
Input LOW Current Be aoe 


Output Shor-Ciruit Curent | —60_ = 150 | _mA_| Max | 
Output HIGH Leakage Current -_____20 | oa | 
Power Supply Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
lon = —1mA 
lon = —1mMA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V (Ch) 
Vin = 0.5V. (An, Bn) 


Vout = 0V 
Vout = Vcc 
Vo = LOW 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Veco = +5.0V 
Cy, = 50 pF 


Ta, Vec = Mil Tas Voc = Com 
C. = 50 pF C, = 50 pF 


Min Typ Max Win wes | in __ Mas 
Propagation Delay 2.5 13.0 16.5 2.5 ; 2.5 
Ap or By to Sp 2.5 11.0 14.0 2.5 2.5 
Propagation Delay 2.5 6.5 8.5 2.5 : 2.5 
Cp to Ca+4 2.5 5.0 6.5 2.5 : 2.5 


Propagation Delay 4.0 11.0 14.0 4.0 : . : 
An Or By to Cn 4.4 4.0 8.0 10.5 4.0 
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54F/74F588 
Octal Bidirectional Transceiver with TRI-STATE® 
iInputs/Outputs and IEEE-488 Termination Resistors 


General Description 


The ’F588 contains eight non-inverting bidirectional buffers 
with TRI-STATE outputs and is intended for bus-oriented 
applications. The B ports have termination resistors as 
specified in the IEEE-488 specifications. Current sinking ca- 
pability is 24 mA (20 mA mil) at the A ports and 64 mA 
(48 mA mil) at the B ports. The Transmit/Receive (T/R) 
input determines the direction of data flow through the bidi- 
rectional transceiver. Transmit (active HIGH) enables data 
from A ports to B ports; Receive (active LOW) enables 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Ag Ay Ag Ag Ay As Ag Az 


By By By Bs By Bs Bg By 





TL/F/9571-2 
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(EEE/IEC 


_ 
o 


TL/F/9571-1 


data from B ports to A ports. The Output Enable input, when 
HIGH, disables both A and B ports by placing them in a high 
impedance condition. 


Features 

m@ Non-inverting buffers 

@ Bidirectional data path 

@ B outputs sink 64 mA (48 mA mil), source 12 mA 


Connection Diagrams 
Pin Assignment 


for LCC and PCC 


Az Ag As Ay Ay 
HOA 


tw 
Bs B, Bz By By 
TL/F/9571-4 


TL/F/9571-3 
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Unit Loading/Fan Out: sce section 2 for U.L. definitions 


54F/74F 


Description ULL. Input hia/l. 
HIGH/LOW Output Ion/loL 


Output Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 


Transmit/Receive Control Input 1.0/2.0 20 pA/—1.2 mA 

A Port Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 
B Port Inputs or *T/5,33 *T/3.2 mA 
TRI-STATE Outputs 600/106.6 (80) | —12 mA/64 mA (48 mA) 


*T = Resistive Termination per IEEE-488 Standard 





Truth Table 


Bus B Data to Bus A 
Bus A Data to Bus B 
High Impedance 


TL/F/9571-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


B Port Input Characteristic with T/R LOW 


INPUT PURRENT 
REPRESENTATIVE 


LOAD LINE 


> INPUT 
VOLTAGE 


TL/F/9571-6 





4-502 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 


Military —55°C to + 125°C 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Commercial 
Supply Voltage 
Military 
Commercial 
—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter Biase 
Min Typ Max 


Vin Input HIGH Voltage : 


ViL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Vcc 

Voltage 54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Vec 


Vop 


VOH 


74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current p20 |_| Max | 


4.75 


NW 700 pA 
IEEE-488 2.5 mA 5.25 
lie —-1.3 4.75 
IEEE-488 
No Load Voltage 2.5 Vv 4.75 
3.7 5.25 
IBvi Input HIGH Current A 
Breakdown Test e 
laviT Input HIGH Current 
: A 
Breakdown Test (I/O) ue m 
p82 | ma 





lit Input LOW Current 
hh + lozyH | Output Leakage Current 


0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (OE, T/R) 


loH = —1mA (Ap) 
loo = —3 mA (Ap, By) 
lon = —12 mA (By) 
loH = —1 mA (Ay) 
lou = —3 mA (Ap, Bz) 
loo = —12 mA (Bp) 
lon = —1 mA (Ap) 
loH = —3 MA (Ap, Br) 
lon = —15 mA (By) 


lo. = 20 mA (Ap) 
lo. = 48 mA (By) 
lo. = 24mMA (Ap) 
lo. = 64 mA (By) 


Vin = 2.7V (OE, T/R) 


Vin = 5.0V (Bp) 
Vin = 5.5V (Bp) 


Vin = 0.4V (B,) 
VIN = 0.4V (By) 


lin = OV (By) 
lin = OV (Bp) 


Vin = 7.0V (OE, T/A) 


Vin = 5.5V (Ap) 


Vin = 0.5V (OE, T/A) 
Vout = 2.7V (An) 
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DC Electrical Characteristics (Ccontinuea 


Symbol Parameter Sa ETAE Vec Conditions 
Min Typ Max 


I + loz | Output Leakage Current | 650 | pA | Max | Vour = 0.5V (An) 
los Output Short-Circuit Current ja | Max Vout = OV (An) 


Vout = OV (Bn) 
IcEX Vout = Voc (An) 
izz____| BusDrainageTest | 800 |_| 0.0V | Vour = Voc (An Br) 
loch __| PowerSupplyGurent_ | 7100 | mA _| Max | Vo = HIGH 
loc.__| PowerSupply Curent | 90185 | mA | Max | Vo = LOW 
locz___| PowerSupplyGurent_ | 83125 | mA _| Max | Vo=HIGHZ 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C_ = 50 pF 


Min Typ Max | Min Max | Min Max | 
Propagation Delay 2.5 4.5 6.0 2.5 7.0 
AtoBorBtoA 2.5 5.0 6.5 2.5 7.5 
Output Enable Time 2.5 5.0 7.0 2.5 8.0 
T/RorOEtoAorB 2.5 7.0 9.0 2.5 10.0 
Output Disable Time 2.5 5.5 7.0 2.5 8.0 
T/R or OE to AorB 2.5 5.5 7.0 2.5 8.0 


Ta; Vcc = Mil 
C. = 50 pF 
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Semiconductor 


54F/74F595 


ADVANCED INFORMATION 


8-Bit Shift Register with Output Latches 


General Description 


The ’F595 contains an 8-bit serial-in, parallel-out shift regis- 
ter feeding an 8-bit D-type storage register. Separate clocks 
are provided for the shift register and the storage register. 
The shift register has a direct overriding clear. The storage 
register has parallel TRI-STATE® outputs. Serial input and 
serial output pins are available for cascading. 


The clocks are positive edge-triggered for both the shift reg- 
ister and storage register. If both clocks are connected to- 
gether, the shift register state will always be one clock pulse 
ahead of the storage register. 


Logic Symbols 


OIMR Oy Oy Q2 Qs Qy Qs Og Qy 
TL/F/9572-1 


JEEE/IEC 


TL/F/9572-4 


Features 

® 8-bit serial-in, parallel-out shift 

m@ Register with storage 

m@ High impedance NPN base input for reduced 
loading (20 »A in HIGH and LOW states) 

m@ TRI-STATE outputs 

m Shift register has direct overriding clear 


Connection Diagram 


Pin Assignment _ .. 
for DIP, SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9572-2 
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Functional Block Diagram 


ra (13) 
stop (12) >o 
MR (10) ° > e 


snep 21 '>o 


Ds (14) 
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TL/F/9572-5 





National ADVANCED INFORMATION 
i Semiconductor 


54F/74F597 
8-Bit Shift Register 


General Description Features 
The 'F597 consists of an 8-bit storage register feeding a ™ High impedance NPN base inputs for reduced loading 
parallel-in, serial-out 8-bit shift register. The storage register (20 pA in HIGH and LOW states) 
and shift register have separate positive-edge triggered m 8-bit parallel storage register inputs 
clocks. The shift register also has direct load (from storage) =m Shift register has direct overriding load and clear 
and clear inputs. ; m Guaranteed shift frequency 
m= Separate clocks for storage and shift registers 


Logic Symbols Connection Diagram 


Pin Assignment 
for DIP, SOIC and Flatpak 


Dsq 0541/09 1/09 1/09 ‘1/0 
s_Ps0Psi/9o, 1/02 2 5/0, 


0, “0s 1/1 





On r7Tanrnrk wn 





TL/F/9573-1 
TL/F/9573-2 


SHR 
SHCP 


TL/F/9573-5 
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TL/F/9573-3 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F598 
Shift Register 


General Description 


The 'F598 comes in a 20-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Both the storage register and shift register have 
positive-edge triggered clocks. The shift register also has 
direct load (from storage) and reset inputs. The ’F598 has 
TRI-STATE® 1/O ports that provide parallel shift register 
outputs and also has multiplexed serial data inputs. 


Logic Symbols 
IEEE/IEC 


Q 
TL/F/9574-5 


TL/F/9574-2 


ADVANCED INFORMATION 


Features 

m 8-bit parallel storage register inputs 

m Shift register has direct overriding load and reset 
m Guaranteed shift frequency DC to 120 MHz 

m Separate clocks for storage and shift registers 


Connection Diagram 


Pin Assignment 
for DIP, SOIC and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 


r=) 


TL/F/9574—1 
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Logic Diagram 
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54F/74F620 @ 54F/74F623 
Inverting Octal Bus Transceiver with TRI-STATE® 
Outputs 


General Description 


The ’F623 is an octal transceiver featuring non-inverting 
TRI-STATE bus compatible outputs in both send and re- 
ceive directions. The outputs are capable of sinking 64 mA 
and sourcing up to 15 mA, providing very good capacitive 
drive characteristics. The ’F620 is an inverting version of the 
F623. 

These octal bus transceivers are designed for asynchro- 
nous two-way data flow between data buses. The control 
function implementation allows for maximum flexibility in 
timing. 

These devices allow data transmission from the A bus to 
the B bus or from the 8B bus to the A bus depending upon 
the logic levels at the enable inputs (GBA and GAB). 

The enable inputs can be used to disable the device so that 
the buses are effectively isolated. 


Logic Symbols 


Bo By By By By Bs Bg By 





pO a as a a aS 


TL/F/9577-3 


IEEE/IEC 
"F623 


ADVANCED INFORMATION 


The dual-enable configuration gives the ’F620 and ’F623 
the capability to store data by simultaneous enabling of 
GBA and GAB. Each output reinforces its input in this trans- 
ceiver configuration. Thus, when both control inputs are en- 
abled and all other data sources to the two sets of the bus 
lines are at high impedance, both sets of bus lines (sixteen 
in all) will remain at their last states. 


Features 

Q@ Octal bidirectional bus interface 

m TRI-STATE buffer outputs sink 64 mA 
g 15 mA source current 

m 'F620 inverting option of ’F623 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


oOOaOon mer WANN =~ 


_ 
°o 


TL/F/9577=1 


Pin Assignment 
for LCC 


Az Ag As Ay As 
BHOOAw 
Bhasas 


TL/F/9577-6 


is 
Bs B, By B, By 
TL/F/9577-2 
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Function Table 


Enable gee Operation 
B Data to A Bus B Data to A Bus 
A 2 to B Bus A ae sees to B Bus 
ae See 
H | __2__ Data to A Bus, B Data to A Bus, 
A Data to B Bus A Data to B Bus 
H = HIGH Voltage Level 


L = LOW Voltage Level 
= High Impedance 


Logic Diagram 


By 


Ay Ay As Ay As Ag Ay 
TL/F/9577~4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


F623 


TL/F/9577~7 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F632 


32-Bit Parallel Error Detection and Correction Circuit 


General Description 


The 'F632 device is a 32-bit parallel error detection and 
correction circuit (EDAC) in a 52-pin or 68-pin package. The 
EDAC uses a modified Hamming code to generate a 7-bit 
check word from a 32-bit data word. This check word is 
stored along with the data word during the memory write 
cycle. During the memory read cycle, the 39-bit words from 
memory are processed by the EDAC to determine if errors 
have occurred in memory. 


Single-bit errors in the 32-bit data word are flagged and cor- 
rected. 


Single-bit errors in the 7-bit check word are flagged, and the 
CPU sends the EDAC through the correction cycle even 
though the 32-bit data word is not in error. The correction 
cycle will simply pass along the original 32-bit data word in 
this case and produce error syndrome bits to pinpoint the 
error-generating location. 


Dual-bit errors are flagged but not corrected. These errors 
may occur in any two bits of the 39-bit word from memory 
(two errors in the 32-bit data word, two errors in the 7-bit 


Ordering Code: see Sections 


Logic Symbol 


check word, or one error in each word). The gross-error 
condition of all LOWs or all HIGHs from memory will be 
detected. Otherwise, errors in three or more bits of the 39- 
bit word are beyond the capabilities of these devices to de- 
tect. 

Read-modify-write (byte-control) operations can be per- 
formed by using output latch enable, LEDBO, and the indi- 
vidual OEBy through OEB3 byte control pins. 

Diagnostics are performed on the EDACs by controls and 
internal paths that allow the user to read the contents of the 
Data Bit and Check Bit input latches. These will determine if 
the failure occurred in memory or in the EDAC. 


Features 

m Detects and corrects single-bit errors 
Detects and flags dual-bit errors 
Built-in diagnostic capability 
Fast write and read cycle processing times 
Byte-write capability 


Description U.L. 
HIGH/LOW 


Check Word Bit, Input 

or TRI-STATE® Output 

Data Word Bit, Input 

or TRI-STATE Output 

Output Enable Data Bits 
Output Latch Enable Data Bit 
Output Enable Check Bit 
Select Pins 

Single Error Flag 

Multiple Error Flag 


3.5/1.083 


3.5/1.083 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 


150/40 (33.3) 


150/40 (33.3) 


TL/F/9579-1 


a 7. ee 74F 


Input tA/ti 
Output lon/loL 


70 pA/—650 pA 
—3 mA/24 mA (20 mA) 
70 pA/—650 pA 
—3 mA/24 mA (20 mA) 
20 pA/—-0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
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Connection Diagrams 


Pin Assignment for 
Side Brazed DIP 


o aon nuns Ww NH = 


Pin Assignment 
for LCC and PCC 


52-Pin 


08, 308, 2 0B 1089 OED DBy DBg GND D8, 08g OFBy DB; DB, 
DWM AME nt 
BERBER ESE & {be} 


LA ia] 
(34) (35) (e) (7) Ge) G9) Go) (a) G2] Gs) Ge GS 
184 g08a9 DB 0682 D872 DBs GND D84108 75 O€B 3826 08270825 
TL/F/9579-3 
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TL/F/9579-2 


Pin Assignment 
for LCC and PCC 


NC—No internal connection 


TL/F/9579~8 





Functional Description 
MEMORY WRITE CYCLE DETAILS 


During a memory write cycle, the check bits (CBp through 
CBg) are generated internally in the EDAC by seven 16-in- 
put parity generators using the 32-bit data word as defined 
in Table Il. These seven check bits are stored in memory 
along with the original 32-bit data word. This 32-bit word will 
later be used in the memory read cycle for error detection 
and correction. 


ERROR DETECTION AND CORRECTION DETAILS 


During a memory read cycle, the 7-bit check word is re- 
trieved along with the actual data. In order to be able to 
determine whether the data from memory is acceptable to 
use as presented to the bus, the error flags must be tested 
to determine if they are at the HIGH level. 


The first case in Table Ill represents the normal, no-error 
conditions. The EDAC presents HIGHs on both flags. The 
next two cases of single-bit errors give a HIGH on MERR 
and a LOW on ERR, which is the signal for a correctable 
error, and the EDAC should be sent through the correction 
cycle. The last three cases of double-bit errors will cause 
the EDAC to signal LOWs on both ERR and MERR, which is 
the interrupt indication for the CPU. 


Error detection is accomplished as the 7-bit check word and 
the 32-bit data word from memory are applied to internal 
parity generators/checkers. If the parity of all seven group- 
ings of data and check bits is correct, it is assumed that no 
error has occurred and both error flags will be HIGH. 


TABLE |. Write Control Function 


Function 
Generate L L 
Check Word 


*See Table il for details of check bit generation. 


DB Control 
OEBn 


Output 


DB Output 
Latch 
LEDBO 


Error Flags 


Check I/O | Control ERA MERA 


TABLE Il. Parity Algorithm 


Check Word 
Bit 


32-Bit Data Word 


pO sepitpataword 
|31| 30| 29| 26| 27] 26|25| 26|23| 22[21| 20] 19] 18] 17| 16] 15| 14] 13[ 12] 11| 10] 9/8|7[6|5] 4[3|2] 4]| 
ob {x| |x{x] [x] | [| txt [xtx{xt | [xf 7 fxd dxbxbetxt [xf [TT 
CB, 
CBo 
CB3 
CB, 
CBs 


CBg 


tT txt xt xt txt txt [xf dd TP ft pt fxd Px xd fxd 
pt bd Td xdxd [xt Ppt Ted ft Pt Ext Idx | T 


Pt txtxtxt Tt txtxfx? TT [dxdt fff dxdt dxdt | fx 
pixt tT TT | ixtxdxdxtxt tt txt? POE TUT Ixdxdctcct] 
xtxtxfxtxtxfxfx] Tot | Tt tt ft pxfxf xt xtbd TTT TT TT 
x x|x}x}xfxfx}x} | | | Tt tt tt tt TE IT dxdt) xfx)x) xf 


The seven check bits are parity bits derived from the matrix of data bits as indicated by X for each bit. 


TABLE Ill. Error Function 


Total Number of Errors 
32-Bit Data Word 


HIGH Voltage Level 


H 
L = LOW Voltage Level 


7-Bit Check Word ERR MERR 
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Data Correction 


Not Applicable 
Correction 
Correction 
Interrupt 
Interrupt 
Interrupt 
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Functional Description (Continued) 


If the parity of one or more of the check groups is incorrect, 
an error has occurred and the proper error flag or flags will 
be set LOW. Any single error in the 32-bit data word will 
change the state of either three or five bits of the 7-bit 
check word. Any single error in the 7-bit check word chang- 
es the state of only that one bit. In either case, the single 
error flag (ERR) will be set LOW while the dual error flag 
(MERR) will remain HIGH. 


Any 2-bit error will change the state of an even number of 
check bits. The 2-bit error is not correctable since the parity 
tree can only identify single-bit errors. Both error flags are 
set LOW when any 2-bit error is detected. 


Three or more simultaneous bit errors can cause the EDAC 
to believe that no error, a correctable error, or an uncorrect- 
able error has occurred and will produce erroneous results 
in all three cases. It should be noted that the gross-error 
conditions of all LOWs and all HIGHs will be detected. 


As the corrected word is made available on the data I/O 
port (DB through DB3;), the check word I/O port (CBo 
through CBg) presents a 7-bit syndrome error code. This 
syndrome error code can be used to locate the bad memory 
chip. See Table V for syndrome decoding. 


READ-MODIFY-WRITE (BYTE CONTROL) OPERATIONS 


The 'F632 device is capable of byte-write operations. The 
39-bit word from memory must first be latched into the Data 
Bit and Check Bit input latches. This is easily accomplished 
by switching from the read and flag mode (S; = H, So = L) 
to the latch input mode (Sj = H, Sg = H). The EDAC will 


then make any corrections, if necessary, to the data word 
and place it at the input of the output data latch. This data 


word must then be latched into the output data latch by 
taking LEDBO from a LOW to a HIGH. 


Byte control can now be employed on the data word 
through the OEBy through OEB3 controls. OEBy controls 
DBp-DB7 (byte 0), OEB, controls DBg-DBi5 (byte 1), 
OEBs controls DByg—-DBo3 (byte 2), and OEB3 controls 
DBo4-DB3 (byte 3). Placing a HIGH on the byte control will 
disable the output and the user can modify the byte. If a 
LOW is placed on the byte control, then the original byte is 
allowed to pass onto the data bus unchanged. If the original 
data word is altered through byte control, a new check word 
must be generated before it is written back into memory. 
This is easily accomplished by taking controls S; and So 
LOW. Table VI lists the read-modify-write functions. 


DIAGNOSTIC OPERATIONS 


The 'F632 is capable of diagnostics that allow the user to 
determine whether the EDAC or the memory is failing. The 
diagnostic function tables will help the user to see the possi- 
bilities for diagnostic control. In the diagnostic mode 
(S; = L, So = H), the check word is latched into the input 
latch while the data input latch remains transparent. This 
lets the user apply various data words against a fixed known 
check word. If the user applies a diagnostic data word with 
an error in any bit location, the ERR flag should be LOW. Ifa 
diagnostic data word with two errors in any bit location is 
applied, the MERR flag should be LOW. After the check 
word is latched into the input latch, it can be verified by 
taking OECB LOW. This outputs the latched check word. 
The diagnostic data word can be latched into the output 
data latch and verified. By changing from the diagnostic 
mode (S; = L, Sp = H) to the correction mode (S; = H, So 
= H), the user can verify that the EDAC will correct the 
diagnostic data word. Also, the syndrome bits can be pro- 
duced to verify that the EDAC pinpoints the error location. 
Table VII lists the diagnostic functions. 


TABLE IV. Read, Flag and Correct Function 


Read & Flag 


Latch Input Latched 
Data & Check Input 
Bits 
Output 
Corrected Data 
& Syndrome Bits 
Note 1: See Tabie Ill for error description. 
Note 2: See Table V for error location. 


Output 
Corrected 
Data Word 


Error Flags 
ERR MERR 


Enabled (Note 1) 


Latched 
Input Enabled (Note 1) 
Check Word 


Output 
Syndrome 
Bits (Note 2) 


Enabled (Note 1) 





Functional Description (Continued) 


Syndrome Bits 


L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 


TABLE V. Syndrome Decoding 


unc 

2-Bit 

2-Bit 
DB3o (Note 1) 
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Syndrome Bits | Ero | 


Ce me ee Oe ee mel ae M0 ee ee ee See 00 ee see 2 ee 0 0 0 
GUTUGTILTITIILILTIILTIITLITITITILTITITLTTTrrytrtTt 
GOTT ILTTILTJrrr nr |rr rer |yLITITTjTITIrTtI|Oer crm oer 
Torr l|rerrryLIrrjLorr|tirrre|yrrrryrirrcyrtirere 
ZMrorljrzriwirljLerTrjJLrIr|roOIrr|JTOIrrijrer ir yjrterir 


GTIETLTILETTILTTITIjJTTLTTIC rr rym Orroroo 
TUETTJorrer rer yLITLIJrr err yLTITTIJrr CK yrLrrTLiccrrere 


CByx = Error in check bit X 

DBy = Error In data bit Y 

2-Bit = Double-bit error 

unc = Uncorrectable multi-bit error 


Note: 2-bit and unc condition will cause both EAR and MERR to ba LOW 
Note 1: Syndrome bits for all LOWs. MERR and ERR LOW for all LOWs, 
only ERR LOW for DBgo error. 

Note 2: Syndrome bits for all HIGHs. 
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Functional Description (Continued) 


TABLE V. Syndrome Decoding (Continued) 


Syndrome Bits | Ero Syndrome Bits | eror | 


2-Bit (Note 2) 
DBig 
unc 
2-Bit 


Ler Creer ere eee er ewe eee ice ee 
BET Irerr ry LITT Irr rc yeTLTTyrrr cr yer rtinrrere 
Dorr |LPorryLrrryLrrrijztrtrr|Lrrrerl|rotrrejziore 
Treorjtrerterl|eertryrrcrijrrrwryrzrtrizriwr|rericwer 
GITTITIILTIIJLIILTIJLTLIILTILTITITjLTIILTIITTIILITrTIITT 
GITTjILTOIITITTCIITITILTILTITILTITIITTITTITIITITITIIrIT.Lt 
as es See es A Os SR ee le ON De Ne Re SR Oe eS SS Oe el el el ee ce ee 0 ee ee 0 
es en Qs OO Oe ee se ee 0 ce ce ee ced Oe ee Se ee i ee ee ee 
ELrtrjysrateritratritrstr|lfrrtr || lrstriztr tree ae 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


CBx = Error in check bit X 

DBy = Error in data bit Y 

2-Bit = Double-bit error 

unc = Uncorrectable multi-bit error 


Note: 2-bit and unc condition will cause both ERR and MERR to be LOW 
Note 1: Syndrome bits for all LOWs. MERR and ERR LOW for all LOWs, 
only ERR LOW for DBgpo error. 

Note 2: Syndrome bits for all HIGHs. 
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Functional Description (Continued) 


TABLE VI. Read-Modify-Write Function 


Error Flags 
ERR MERR 


Enabled 


Latch Input Latched Latched 
Data & Input Input Enabled 
Check Bits Check Word 


Latch Corrected Latched 


Data Word into Output Output Enabled 
Output Latch Data Syndrome 


Modify 

Appropriate Modified 

Byte or Bytes Output 

& Generate New Output Check Word 


Check Word Unchanged 


BYTE) 


*OEBg controls DBy-DB7 (BYTE9); OEB, controls DBg-DBy5 (BYTE,); OEBs controls DByg-DBo3 (BYTE2); OEB3 controls DB24-DB31 (BYTEs). 


TABLE VII. Diagnostic Function 


DB Byte 


EDAC Error Flags 
Function Control! Check I/O ERR MERA 


Read & Flag Input Correct Xx Input Correct 
Data Word Check Bits 


Latch Input Check 
Word while Data Input Latched 
Input Latch Diagnostic Input 
Remains Data Word* Check Bits 
Transparent 


Latch Diagnostic facut Output 
Data Word into P Latched 


Diagnostic : 
Output Latch Data Word* Check Bits 


Enabled 


Enabled 


Latch Diagnostic Latched Output 
Data Word into Input Syndrome 
Data Word 


Enabled 


Output 
Syndrome 
Bits 


Output Diagnostic 
Data Word & 
Syndrome Bits 


Output 
Diagnostic 
Data Word 


Enabled 


Output Corrected Output Output 
Diagnostic Data Corrected Syndrome 
Word & Output Diagnostic Bits 


Syndrome Bits Data Word High Z 


*Diagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case,the diagnostic data word will contain errors in 
two bit locations. 


Enabled 
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Block Diagram 


DECODER® 
xv 


GENERATOR tain 
=1 


ERROR 
DETECTOR 


DBy= OB, 
Bs =. OBys5, 
DBig =. DBo3 


BUFFERS 


EN 


LEDBO 
TL/F/9579~4 


Timing Waveforms 
Read, Flag and Correct Mode 


$e 


t 
GE h 4 ay 
DBy- DBs, Input Data Word 4 Cr Output Corrected Data Word er, 


tan tars 


So 


OEBy - OEB; 


t, th—e| 
CBy = CBg Input Check Word 4 Cs Output Syndrome Code ee, 


tis tais 
OECB 


ERR NAAARRAUEANY QUE AN 
i 
WER AAAS A\\ 


TL/F/9579-5 
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Timing Waveforms (continued) 
Read, Correct and Modify Mode 


So 


j+—— READ CORRECT 


Sy 


DBy = 0B, Input Data Word => Output Corrected Data Word > Input New Byte ya 
DBg = DBs, Input Data Word SK) Output Corrected Data|Word = ss 


(E080 AAAS AAA AAA AAA AAA 
CB ~ CB «Input Check Word XK _) Tae po | i 
ERR \\AAAAAAAAAY QA AAA 
WER AAAAAAAAAAAAAY QUA 


TL/F/9579-6 


Diagnostic Mode 


\\ Output Corrected \\\\ 
DBy thru OBs, Data Word JV 77 


Input Valid 
CBg ~ CBg Check Word yy & Output Valld Check Word Output Syndrome Code eer, 


| betas 


tod 


Verify Proper Operation of ERR Flag Verify Proper Operation of ERR Flag, Flag Should Be low a 
eww wlflag Should Be High) ‘ With a Diagnostic Data Word With a Single Error 


eaanad 


Ith a Diagnostic Data Word With a Double Error 
TL/F/9579~7 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter lo al 
Min Typ Max 


Vin input HIGH Voltage 


ViL Input LOW Voltage a 7 
2.5 


Vop Input Clamp Diode Voltage 


Vou Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 


VoL Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


rr 
Breakdown Test 
Breakdown Test (I/O) 
n 
hi + loz 
in + lozu 
lozi 
loz. 
los 
loex 
zz 


loc Power Supply Current 
loc Power Supply Current 





N ~ nD 
NNR 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Vcc Conditions 
Vv Recognized as a HIGH Signal 
Vv 

Vv 


Recognized as a LOW Signal 

In = —18mA 

lod = —1mA (ERR, MERR, DB,, CB,) 
lou = —1mA (ERR, MERR, DBy, CB,) 
lou = —1mA (ERR, MERR, DB,, CB,) 
lon = —3 mA (DBp, CB,) 

lo. = 20 mA (ERR, MERR, DBp, CB,) 

lo. = 20 mA (ERR, MERR) 

lo. = 24 mA (DBp, CBy) 

VIN = 2.7V (So, S1, OEB,, OECB, LEDBO) 


Vin = 7.0V (So, $1, OEBp, OECB, LEDBO) 


Vin = 5.5V (CBp, DBp) 


= = 


Vin = 0.5V (So, $1, OEB,, OECB, LEDBO) 
Vio = 2.7V (CB,, DBy) 

Vivo = 0.5V (CBp, DBp) 

Vivo = 2.7V (CB,, DBn) 

Vivo = 0.5V (CBp, DBp) 

Vout = 0V 

Vout = Voc 

Vout = Vcc (CBn, DBn) 

Ta = 0°C-25°C 

Ta = 25°C-70°C 


et I13 l/c Ie le fe [3 





AC Electrical Characteristics: see Section 2 tor Waveforms and Load Configurations 


ae a ee eee es ee 


Ta = +25°C 
Symbol Parameter Vec = +5.0V 
C_ = 50 pF 


Min Typ Max | Min Max | Min Max _| 
tpLH Propagation Delay 4.0 14.0 27.0 4.0 31.0 
tpHL DB or CB to ERR 4.0 10.5 18.0 4.0 20.0 
tpLH Propagation Delay 4.0 21.0 27.0 4.0 31.0 
tpHL DB to ERR 4.0 14.0 18.0 4.0 20.0 
tpLH Propagation Delay 5.0 17.0 27.0 oe 31.0 
tpHL DB or CB to MERR 5.0 16.0 27.0 31.0 
teLH Propagation Delay 5.0 23.0 27.0 31.0 
tPHL DB to MERA 5.0 19.0 27.0 31.0 
teLH Propagation Delay 4.0 12.0 16.0 20.0 
tpHL So and S;, LOW, to DB 4.0 12.0 16.0 is 20.0 
tpLH Propagation Delay 4.0 10.5 14.0 4.0 15.0 
tee S;toCB 4.0 9.0 14.0 4.0 15.0 
teLH Propagation Delay 
So or S;toERRorMERR | 7° is. ee 

tpLH Propagation Delay oy: 16.0 23.0 4.0 25.0 
tpHL DB to CB 18.0 23.0 4.0 25.0 
tPLH Propagation Delay 11.0 13.0 2.0 14.0 
tPHL LEDBO to DB 11.0 13.0 2.0 14.0 


tpzH Output Enable Time 1 6.0 10.0 
tpZe OEB, to DB 1 6.0 10.0 
1 


0 
tpHz Output Disable Time 5.0 10.0 
tpLz OEB, to DB 1.0 4.0 10.0 
tp7H auto Enable Time 1.0 6.0 10.0 
tezL CB to CB 1.0 6.0 10.0 
tpHz tput Disable Time 1.0 5.0 10.0 c 
tpLz OEeE to CB 1.0 4.0 10.0 


Ta, Vec = Mil | Ta, Vcc = Com 
CL = 50 pF C. = 50 pF 


0 
0 
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AC Operating Requirements: see Section 2 for Waveforms 


ET ee 


Tas Vec = Mil _Ta: Vec = Com 


iT 
o 


Ta = +25°C 


Symbol Parameter Veco = +5.0V 


ts Setup Time, HIGH or LOW 
DB/CB before So HIGH (S; HIGH) 


Setup Time, HIGH 

So HIGH before LEDBO HIGH 
Setup Time, HIGH 

EDBO HIGH before Sp or S; LOW 


Setup Time, HIGH 
LEDBO HIGH before S; HIGH 


Setup Time, HIGH or LOW 
Diagnostic DB before S; HIGH 


Setup Time, HIGH or LOW 
Diagnostic CB before 
S1 LOW or So HIGH 


Setup Time, HIGH or LOW 
Diagnostic DB before 
LEDBO HIGH (S; LOW, Sg HIGH) 


Hold Time, LOW 
So LOW after S; HIGH 


th Hold Time, HIGH or LOW 
DB and CB Hold after Sg HIGH 


th Hold Time, HIGH or LOW 
DB Hold after S; HIGH 


th Hold Time, HIGH or LOW 
CB Hold after S; LOW or Sg HIGH 


th Hold Time, HIGH or LOW 
Diagnostic DB after 
LEDBO HIGH (S; LOW, So HIGH) 


ty({L)* LEDBO Pulse Width 
teorr* Correction Time 
*Note: These parameters are guaranteed by characterization or other tests performed. 


i 
a 


r 
~ 

| 
o 


jae ae 
o | mo | Oo 


ji 
ro) 


a ee ca a 
o o o 


v 
ft 


ro) 
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National © 
Semiconductor 


54F/74F646 ¢ 54F/74F648 


Octal Transceiver/Register with TRI-STATE® Outputs 


General Description 


These devices consist of bus transceiver circuits with TRI- 
STATE or open-collector outputs, D-type flip-flops, and con- 
trol circuitry arranged for multiplexed transmission of data 
directly from the input bus or from the internal registers. 
Data on the A or B bus will be clocked into the registers as 
the appropriate clock pin goes to a high logic level. Control 
G and direction pins are provided to control the transceiver 
function. In the transceiver mode, data present at the high 
impedance port may be stored in either the A or the B regis- 
ter or in both. The select controls can multiplex stored and 
real-time (transparent mode) data. The direction control de- 
termines which bus will receive data when the enable con- 
trol G is Active LOW. In the isolation mode (control G 
HIGH), A data may be stored in the B register and/or B data 
may be stored in the A register. 


Ordering Code: see Sections 


Logic Symbols 


TL/F/9580-1 


TL/F/9580-4 


Features 

m Independent registers for A and B buses 

mg Multiplexed real-time and stored data 

m Choice of true and inverting (F648) data paths 
mg TRI-STATE outputs 

300 mil slim DIP 


cpapho At Az As Ag As Ag Az 


TL/F/9580-7 


TL/F/9580-9 
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Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 
F646 


oan nor WwW hb = 


—_ 
nv —- Oo 


TL/F/9580-2 


Pin Assignment 

for LCC and PCC 
F646 

As Ay Az NC Ag Ay Ap 

fy} fo) (3) (8) 2) Ce) ) 

anaes 


a8 8 88,8 
fs) Bo (21) Ba 3 Ba Bs} 


B, Bs By NC By By G 


TL/F/9580-3 
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Pin Assignment 
for DIP, SOIC and Flatpak 
F648 


oon oOonar WH * 


TL/F/9580-8 


Pin Assignment 
for LCC and PCC 
F648 


As Ay Az NC Ap Ay Ag 
Homo 
Bhehaeaeeaas 

[4] DIR 


CPBA 


TL/F/9580-10 





Unit Loading/Fan Out: see Section 2 a ULL. definitions 


a 7 ee 
Description ULL. Input Nw/ie 
HIGH/LOW Output Ion/lor 


Ao-A7 Data Register A Inputs/ 3.5/1.083 70 pA/—650 mA 
TRI-STATE Outputs 600/106.6 (80) | — 12 mA/64 mA (48 mA) 

Bo-B7 Data Register B Inputs/ 3.5/1.083 70 pA/—650 mA 
TRI-STATE Outputs 600/106.6 (80) | — 12 mA/64 mA (48 mA) 

CPAB, CPBA | Clock Pulse Inputs 1.0/1.0 20 pA/—-0.6 mA 

SAB, SBA Select Inputs 1.0/1.0 20 pA/—-0.6 mA 

G Output Enable Input 1.0/1.0 20 pA/—0.6 mA 

DIR Direction Control Input 1.0/1.0 20 pA/—-0.6 mA 
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Function Table 

Inputs Data 1/0* 
CPAB CPBA’ SAB_ SBA | Ao-A7 | Bo-B7 
HorL HorL 


Function 


Isolation 
Clock A, Data into A Register 
Clock B, Data into B Register 


An to Bh —Real Time (Transparent Mode) 
Clock Ap, Data into A Register 

A Register to B, (Stored Mode) 

Clock A, Data into A Register and Ouptut to By 


Output 


Br to Ap—Real Time (Transparent Mode) 
Clock Bp Data into B Register 

B Register to Aj, (Stored Mode) 

Clock B, Data into B Register and Output to Ap 
*The data output functions may be enabled or disabled by various signals at the G and DIR Inputs. Data input functions are always enabled; i.e., data at the bus 
pins will be stored on every LOW-to-HIGH transition of the clock inputs. 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Irrelevant 

~ = LOW-to-HIGH Transition 


G 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


rmCeoroeoerelizrcraraaixkx* x 
<x «<x «KID Ooereol KK SK 
xmaomreey KK KK IKK x 
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Logic Diagrams (continued) 


1 OF 8 CHANNELS 


TO 7 OTHER CHANNELS 


TL/F/9580-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagrams (continued) 


879 ¢ 979 


1 OF 8 CHANNELS 


eeanzwovereeweeeoeoeoea & 


TO 7 OTHER CHANNELS 
TL/F/9580-6 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





4-529 


646 © 648 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current fimit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VIH 
ViL 


Input HIGH Voltage 


Vop 


VoH Output HIGH 


54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


| InputHIGH Current = HIGH Current 


Voltage 





Output LOW 
ieee 


VoL 


WH 
IBvi 


Igvit 


lic | InputLOwCurrent si LOW Current 


im + loz Seige [a 
n+ loz. | OutputLeakage Curent | 850 | WA | Max | 
| OutputHiGH LeakageCurent_ | 250 | wa | Max | 
| PowerSupplyCurent | 80 | ma 


los 
IcEx 
Izz 
ICCH 
loc 
Icoz 


a ae ti | vee | 


ae ee 
| Inputtowvotage | ow | | 
| Input iampDiode Voltage |= t2 || Min | 


Input HIGH Current 
Breakdown Test 
Input HIGH Current 
Breakdown Test mcrae 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 


loH = —12 MA (Ap, Bn) 
= —12 mA (Ap, Bn) 
loH = —15 MA (An, Bn) 


= 48 mA (An, Br) 
64 mA (An, Bn) 


= 2.7V (Non I/O Pins) 
= 7.0V (Non I/O Pins) 


Vin = 5.5V (Ap, Bn) 


Vin = 0.5V (Non I/O Pins) 
Vout = 2.7V (An, Bn) 
Vout = 0.5V (An, Bn) 
Vout = 0V 

Vout = Vcc 

Vout = Vcc 

Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Maximum Clock Frequency 
Propagation Delay 
Clock to Bus 
Propagation Delay 
Bus to Bus (’F646) 
Propagation Delay 
Bus to Bus (F648) 
Propagation Delay 
SBA or SAB to Aor B 
Enable Time 

OE toAorB 

Disable Time 

OE toAorB 

Enable Time 

DIR toAorB 

Disable Time 

DIR toAorB 


Parameter 


Setup Time, HIGH or LOW 
Bus to Clock 

Hold Time, HIGH or LOW 
Bus to Clock 

Clock Pulse Width 

HIGH or LOW 


Ta = +25°C 
Vec = = +5.0V 


12.0 


7.5 
9.0 


14.0 
13.0 


9.0 
11.0 


Ta = +25°C 
vec = +5.,0V 


50 


a 
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2.0 


1.0 
2.0 


2.0 
2.0 


1.0 
2.0 


11.0 


16.0 
15.0 


10.0 
12.0 





2.0 
2.0 


1.0 
2.0 
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National | 
Semiconductor 


54F/74F651 ¢ 54F/74F652 
Transceivers/Registers 


General Description 


These devices consist of bus transceiver circuits with 
D-type flip-flops, and control circuitry arranged for multi- 
plexed transmission of data directly from the input bus or 
from internal registers. Data on the A or B bus will be 
clocked into the registers as the appropriate clock pin goes 
to HIGH logic level. Output Enable pins (OEAB, OEBA) are 
provided to control the transceiver function. 


Ordering Code: see Section 5 
Logic Symbols 


Features 

u Independent registers for A and B buses 

m@ Multiplexed real-time and stored data 

m™ Choice of non-inverting and inverting data paths 
— 'F651 inverting 
— 'F652 non-inverting 


Connection Diagrams 


Pin Assignment 


lEEE/IEC IEEE/IEC DIP, SOIC and Flatpak 


"F651 


EN1 (BA) EN1 (BA) 
EN2 (AB) EN2 (AB) 


1 

2 
= 
4 
5 
6 
7 
8 
9 


TL/F/9581-3 
Pin Assignment 
for LCC and PCC 
As Ag Az NC Ap Ay Ay 
Oi] £9) [s] fe) &) 
ane 


OEAB 


By By By Bs By Bs Bg By 


TL/F/9581-2 


TL/F/9581-11 Fz 
B, Bs By NC By By OEBA 


TL/F/9581-4 
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Unit Loading/Fan Out: see a 2 for U.L. definitions 


a. ee 
Pin Names Description ULL. Input hiW/lie 
HIGH/LOW Output Ion/loi 


Ao-A7, Bo-B7 | A and B Inputs/ 0/1. 20 pA/—0.6 mA 
TRI-STATE® Outputs Se nee (80) | —12 mA/64 mA (48 mA) 
CPAB, CPBA | Clock Inputs 0/1. 20 pA/—0.6 mA 
SAB, SBA Select Inputs 0/1. 20 pA/—-0.6 mA 
OEAB, OEBA | Output Enable Inputs 0/1. 20 pA/—0.6 mA 


259eLS9 


Logic Diagrams 


TO 7 OTHER CHANNELS 
TL/F/9581-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagrams (Continued) 


“1 OF 8 CHANNELS 


ewer e2eanea 


eee ae e2eece @ 4 


bower ewee2 a a 


TO 7 OTHER CHANNELS 


TL/F/9581~12 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Functional Description 
In the transceiver mode, data present at the HIGH imped- 
ance port may be stored in either the A or B register or both. 


The select (SAB, SBA) controls can multiplex stored and 
real-time. 


The examples in Figure 7 demonstrate the four fundamental 
bus-management functions that can be performed with the 
Octal bus transceivers and receivers. 


Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the appro- 
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priate Clock Inputs (CPAB, CPBA) regardless of the Select 
or Output Enable Inputs. When SAB and SBA are in the real 
time transfer mode, it is also possible to store data without 
using the internal D flip-flops by simultaneously enabling 
OEAB and OEBA. In this configuration each Output reinforc- 
es its Input. Thus when all other data sources to the two 
sets of bus lines are in at HIGH impedance, each set of bus 
lines will remain at its last state. 





Note A: Real-Time 
Transfer Bus B to Bus A 


ee 


TL/F/9581-6 


OEAB OEBA CPAB CPBA SAB SBA 
L L x x x L 


Inputs 
OEBA CPAB 


OEAB 
L 


Iyer rr yc xKie 


‘i 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~/ = LOW to HIGH Clock Transition 


Note B: Real-Time 
Transfer Bus A to Bus B 


Note C: Storage 


erwwoeyeooons 


ae pe ee | 
TL/F/9581-8 
OEAB OEBA CPAB CPBA SAB SBA 


OEAB OEBA CPAB CPBA SAB SBA x H a x x x 
H H x x L x L x x cw  % x 
L H S ae x x 


TL/F/9581-7 


Function Table 


Inputs/Outputs (Note 1) 
Ao thru A7 Bo thru B7 


Not Specified 


CPBA 


Input 


Not Specified 
Output 


Input 


Output 


HorLl 


Note D: Transfer Storage 
Data to AorB 


fS9e1S9 


(nnn } 
TL/F/9581~9 


OEAB OEBA CPAS CPBA SAB SBA 
H L HorlL Hork 4H x 


Operating Mode 


Isolation 

Store A and B Data 

Store A, Hold B 

Store A in Both Registers 
Hold A, Store B 

Store B in Both Registers 
Real-Time B Data to A Bus 
Store B Data to A Bus 
Real-Time A Data to B Bus 
Stored A Data to B Bus 


Stored A Data to B Bus and 
Stored B Data to A Bus 


Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the 
bus pins will be stored on every LOW to HIGH transition on the clock inputs. 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias ~—55°C to + 175°C 
Vcc Pin Potential to 


Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage Sie v 
Vit Input LOW Voltage | 
Voo Input Clamp Diode Voltage ee ede 
VoH Output HIGH 54F 10% Voc 

Voltage 74F 10% Voc 

74F 5% Voc 

VoL Output LOW 54F 10% Voc 

ane 74F 10% Voc 
WH | InputHiGH Current = HIGH Current 
IBvi 
Iavir 





Input HIGH Current A V 
Breakdown Test e 
Input HIGH Current mA Vin = 5.5V (Ap, Bn) 
Breakdown Test (I/O) 

n Input LOW Current aera 


Ini + lozu_| Output Leakage Current nee 
ln + lozt_| Output Leakage Current J 050 | A | Max | 


Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial 0°C to +70°C 
Supply Voltage 
Military + 4.5V to +5.5V 
Commercial + 4.5V to + 5.5V 





Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signa! 
lin = —18 mA (Non I/O Pins) 


lon = — 12 mA (Ap, Bn) 
lo = —12 mA (An, Bn) 
loH = —15 MA (An, Bn) 


48 mA (Ap, Bp) 


Vv lo. = B 
lo. = 64 mA (Ap, Bn) 


Vin = 2.7V (Non I/O Pins) 
N = 7.0V 


Vin = 0.5V (Non I/O Pins) 
VouT = 2.7V (An; Bn) 
VouT = 0.5V (Ap; Bn) 


los Vour = 0V 
lcex___| OutputHIGH Leakage Current | 250 | wA_| Max | Vout = Voo 
I22 Bus Drainage Test a a pA 0.0V | Vout = Vcc 
loch____| PowerSupplyurent_ | 105135 | mA | Max | Vo = HIGH 
Icor____| PowerSupplyGurent | 118150 | ~mA_| Max | Vo = LOW 
lccz___| Powersuppyurent | 118150 | mA | Max | Vo =HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
Cy = 50 pF 


Max ClockFrequency | 90 | | 


Propagation Delay 2.0 
Clock to Bus 2.0 
2.0 


Propagation Delay 
Bus to Bus (’F651) 1.0 


Propagation Delay 1.0 
Bus to Bus (’F652) 1.0 
Propagation Delay 2.0 
SBA or SAB to AorB 2.0 


7.0 
8.0 


8.5 
7.5 


Tas Vec = Mil 
C._ = 50 pF 


AC Operating Requirements: see Section 2 for Waveforms 


a 
Ta = +25°C = 2 
Veo = +5.0V Ta; Vec = Mil Tas Voc = Com 


Enable Time 2.0 
*OEBAtoA 2.0 
Disable Time 1.0 
*OEBAtoA 2.0 
Enable Time 2.0 
OEAB to B 3.0 


Disable Time 2.0 
OEAB to B 2.0 


Setup Time, HIGH or 
LOW, Bus to Clock 
Hold Time, HIGH or 
LOW, Bus to Clock 
Clock Pulse Width 
HIGH or LOW 


9.5 
12.0 


4-537 


Tas Vcc = Com 


2.0 
2.0 


1.0 
2.0 
2.0 


3.0 
2.0 


10.0 
12.5 


8.0 
9.0 
10.0 


14.0 
10.0 





cS9e1LG9 


657 


National 
Semiconductor 


54F/74F657 Octal Bidirectional Transceiver 
with 8-Bit Parity Generator/Checker 


and TRI-STATE® Outputs 


General Description 


The ‘F657 contains eight non-inverting buffers with 
TRI-STATE® outputs and an 8-bit parity generator/checker. 
It is intended for bus-oriented applications. The buffers have 
a guaranteed current sinking capability of 24 mA (20 mA mil) 
at the A port and 64 mA (48 mA mil) at the B port. 


Ordering Code: see Section 5 
Logic Symbols 


IEEE/IEC 


woron DO Wek WP =~ 


By By By Bs By Bs Bg By PARITY 


TL/F/9584-1 


Pin Assignment 
for DIP, SOIC 
and Flatpak 


Features 

@ 300 Mil 24-pin slimline DIP 

m Combines ’F245 and ’F280A functions in one package 
m@ TRI-STATE outputs 

w B Outputs sink 64 mA (48 mA mil) 

@ 12 mA source current, B side 

u Input diodes for termination effects 


Connection Diagrams 


Pin Assignment 

for LCC and PLCC 
Bs Bg By NC PARERR ODD/EVEN 
HORE 
“ERB EEE 





By OET/RNC Ap Ay Ap 
TL/F/9584-3 


TL/F/9584-2 
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Unit Loading/Fan Out: see ee 2 for U.L. definitions 


Pin Names Description ULL. Input lin/li 
HIGH/LOW Output lon/loL 


a sc ee 


4.5/0.15 
150/40 (33.3) 
3.5/0.117 
600/106.6 (80) 
2.0/0.067 
2.0/0.067 
3.5/0.117 
600/106.6 (80) 
1.0/0.033 
600/106.6 (80) 


Data Inputs/ 
TRI-STATE Outputs 
Data Inputs/ 
TRI-STATE Outputs 
Transmit/Receive Input 
Enable Input 
Parity Input/ 
TRI-STATE Output 
EVEN | ODD/EVEN Parity Input 
Error Output 


Functional Description 


The Transmit/Receive (T/R) input determines the direction 
of the data flow through the bidirectional transceivers. 
Transmit (active HIGH) enables data from the A port to the 
B port; Receive (active LOW) enables data from the B port 
to the A port. 


The Output Enable (OE) input disables the parity and 
ERROR outputs and both the A and B ports by placing them 
in a HIGH-Z condition when the Output Enable input is 
HIGH. 


When transmitting (T/R HIGH), the parity generator detects 
whether an even or odd number of bits on the A port are 
HIGH and compares these with the condition of the pari- 


90 pA/— 90 pA 
—3 mA/24 mA (20 mA) 
70 pA/—70 pA 
—12 mA/64 mA (48 mA) 
40 pA/—40 pA 
40 pA/—40 pA 
70 pA/—70pA 
—12 mA/64 mA (48 mA) 
20 pA/—20 pA 
—12 mA/64 mA (48 mA) 


ty select (ODD/EVEN). If the Parity Select is HIGH and an 
even number of A inputs are HIGH, the Parity output is 
HIGH. 


In receiving mode (T/R LOW), the parity select and number 
of HIGH inputs on port B are compared to the condition of 
the Parity input. If an even number of bits on the B port are 
HIGH, the parity select is HIGH, and the PARITY input is 
HIGH, then ERROR will be HIGH to indicate no error. If an 
odd number of bits on the B port are HIGH, the parity select 
is HIGH, and the PARITY input is HIGH, the ERROR will be 
LOW indicating an error. 


Function Table 


Number of 
Inputs That 
Are High 


0, 2, 4,6, 8 


1,3,5,7 


| cy ces Suma ae ee come) Ue) Dna i a cee 


een ee ee ee OO OW el oe a = 
Herre tiirere rire 


HIGH Voltage Level 
LOW Voltage Level 
immaterial 

High Impedance 


x= 
zZ= 


Function Table 


Bus B Data to Bus A 
Bus A Data to Bus B 
High-Z State 
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Outputs 


FA 


Outputs Mode 


Transmit 
Transmit 
Receive 
Receive 
Receive 
Receive 


Transmit 
Transmit 
Receive 
Receive 
Receive 
Receive 


rPairticr tear 
MFIroOoIOeNNIDPeeitiNnn 


H = HIGH Voltage Level 
= LOW Voltage Level 
X = Immaterial 





ZS9 





TL/F/9584-4 


‘BSR 


2 GROUND PINS 


= 
w 
Bes 
o 
& 
Q 
x 
(s) 
2 
ma 
As] 
i 
2 
— 
oO 
G 
=] 
LL 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 


Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) -—30 mA to +5.0mA 


Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


ViH Input HIGH Voltage fae 


ViL Input LOW Voltage 


Vcp Input Clamp Diode Voltage ———<$— 


VoH Output HIGH 
Voltage 


54F 10%Vcc 
54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 
74F 5% Voc 


VoL Output LOW 
Voltage 


54F 10% Vcc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Vcc 





Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military —58°C to + 125°C 
Commercial 0°C to + 70°C 
Supply Voltage 
Military +4.5V to +5.5V 
Commercial +4.5V to +5.5V 


Conditions 
aa Recognized as a HIGH Signal 
he ee ae Recognized as a LOW Signa! 
V_| Min__| ty = -18mA 


loH = —1MA (An) 

lon = —3 mA (Ap, Bp; Parity, ERROR) 
lon = —12 MA (Bp, Parity, ERROR) 
lon = —1mA (Ap) 

V Min loH = —3 MA (Ap Bp, Parity, ERROR) 
lon = —12 MA (Bp, Parity, ERROR) 
lon = —1 MA (Ap) 
lon = —3 MA (Ap, Bp, Parity, ERROR) 
lon = —15 mA (Bp, Parity, ERROR) 


lo. = 20 mA (Ap) 
lo. = 48 mA (By, Parity, ERROR) 
lo. = 24 mA (Ap) 
lo. = 64 mA (By Parity, ERROR) 








tobou id wt ted 





NH Input HIGH Current 20 Vin = 2.7V (ODD/EVEN) 
40 Vin 2.7V (T/R, OF) 
Ipvi Input HIGH Current _ | Vin = 7.0V(T/R, OE, ODD/EVEN) 
Breakdown Test fees) Negi e 
IBvit {nput HIGH Current mA Vin = 5.5V (Parity, Br) 
Breakdown Test (I/O) Vin = 5.5 (Ap) 
hie Input LOW Current —20 Vin = 0.5V (ODD/EVEN) 
—40 ae = 0.5V (T/R, OE) 


lozH Output Leakage Current 4 pA 


| Max | Vour = 2.7V (ERROR) 


loz- Output Leakage Current P50 | pA | Max | Vout = 0.5V (ERROR) 


li + lozH | Output Leakage Current 


70 
Ba 
—90 


Vi/o = 2.7V (Bn, Parity) 
Vivo = 2.7V (An) 
Vio = 0.5V (Bp, Parity) 
Vio = 0.5V (An) 


epee enc aon: | Short-Circuit Current —60 } Max | Your = OV (Ap) 


—150 
—100 —225 oe Vour = OV (Bp, Parity, ERROR) 


Icex Esieiacaacal HIGH Leakage 250 Vout = Vcc (ERROR) 
Current : . Vout = Vcc (Bn, Parity) 
Vout = Voc (An) 
Izz Bus Drainage Test a Ree Vout = Vcc (An. Bn: Parity, ERROR) 
IocH Power Supply Current 101 125 aera ea Vo = HIGH 


IocL Power Supply Current 112 #§=©150 Vo = LOW 
locz Power Supply Current 109 145 Vo = HIGH Z 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


[wee 


Ta = +25°C 


Parameter Veo = +5.0V e oan “y 
C. = 50 pF L P 


Min Typ Max | Min Max | Min Max _ 


tPLH Propagation Delay 2.5 4.5 8.0 2.5 9.5 2.5 9.0 
tpHL An to By, By to An 3.0 4.9 7.5 3.0 8.5 3.0 8.0 


tpLy Propagation Delay 6.5 10.1 14.0 5.5 18.0 6.0 16.0 
tpHL An to Parity 7.0 10.9 15.0 5.5 20.5 6.0 16.5 


tpLH Propagation Delay 4.5 7.8 11.0 4.0 14.0 4.0 13.0 
tPHL ODD/EVEN to PARITY 45 8.8 12.0 4.5 16.5 4.5 13.5 


tPLH Propagation Delay 4.5 75 11.0 4.0 14.0 4.0 13.0 
teH. ODD/EVEN to ERROR 4.5 8.2 12.0 4.5 16.5 45 13.5 


tpLH Propagation Delay 8.0 14.0 20.5 7.5 27.0 7.5 23.0 
tpHL B, to ERROR 8.0 15.0 21.5 7.5 28.5 7.5 23.5 


tpLH Propagation Delay 7.0 10.8 15.5 6.0 20.0 6.0 17.0 
tpHL PARITY to ERROR 7.5 11.8 16.5 6.5 22.0 7.5 18.5 


tpzH Output Enable Time 3.0 5.0 8.0 2.5 11.0 
tezL GE to Ap/Bn 4.0 6.5 10.0 3.5 13.5 


tpHz Output Disable Time 1.0 4.5 8.0 1.0 9.5 1.0 
tpLz OE to Ap/Bn 1.0 4.9 7.5 1.0 8.5 1.0 


tpZH Output Enable Time 3.0 5.0 8.0 2.5 11.0 
tp2L OE to ERROR (Note 1) 4.0 7.7 10.0 3.5 13.5 


tpHz Output Disable Time 1.0 4.5 8.0 1.0 9.5 1.0 





tpLz OE to ERROR 1.0 4.9 7.5 1.0 8.5 1.0 


tpzH Output 8Enable Time 3.0 5.0 8.0 2.5 11.0 
tpzL OE to PARITY 4.0 7.7 10.0 3.5 13.5 


tpHz Output Disable Time 1.0 4.6 8.0 1.0 9.5 1.0 9.0 
tpLz OE to PARITY 1.0 5.1 7.5 1.0 8.5 1.0 8.0 
Note 1: These delay times reflect the TRI-STATE recovery time only and not the signal time through the buffers or the parity check circuity. To assure VALID 
information at the ERROR pin, time must be allowed for the signal to propagate through the drivers (B to A), through the parity check circuitry (same as A to 


PARITY), and to the ERROR output after the ERROR pin has been enabled (Output Enable times). VALID data at the ERROR pin 2 (A to PARITY) + (Output 
Enable Time). 
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National | 
Semiconductor 


54F/74F673A 
16-Bit Serial-In, Serial/Parallel-Out Shift Register 


General Description Features 


The ’F673A contains a 16-bit serial-in, serial-out shift regis- Serial-to-parallel converter 

ter and a 16-bit parallel-out storage register. A single pin 16-bit serial 1/O shift register 
serves either as an input for serial entry or as a TRI- 16-bit parallel-out storage register 
STATE® serial output. In the Serial-out mode, the data recir- Recirculating serial shifting 
culates in the shift register. By means of a separate clock, 
the contents of the shift register are transferred to the stor- 
age register for parallel outputting. The contents of the stor- 
age register can also be parallel loaded back into the shift 
register. A HIGH signal on the Chip Select input prevents 
both shifting and parallel transfer. The storage register may 
be cleared via STMR. 


Recirculating parallel transfer 
Common serial data I/O pin 
Slim 24 lead package 


Ordering Code: see Section 5 


Logic Symbols lEEE/IEC 


Qy Oy Q2 Qs Ay Os Og Q7 Ag Aq Qyq O44 Oy O43 Q14Qj5 


TL/F/9585-1 


TL/F/9585-4 
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Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


oOo mOnt moh wn 


—_ —_ = 
nv + oO 


TL/F/9585-2 


Pin Assignment 
for LCC and PCC 


Q, Q4 Qq NC SI/O STCP STMR 
1) fo) 2) ) @ (e) BI 
BREESE 


Q; 
Q, 
GND 
NC [is] 
Qs 
0 
Q, 


[2] R/W 
SHCP 
cS 
(7) NC 
8] Voc 
27 45 
Ba} Q14 


[\RR RR 
Qg Qg Qig NC Q41 040043 


TL/F/9585-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description 


Chip Select Input (Active LOW) 

Shift Clock Pulse Input (Active Falling Edge) 
Store Master Reset Input (Active LOW) 
Store Clock Pulse Input 

Read/Write Input 

Serial Data Input or 

TRI-STATE Serial Output 

Parallel Data Outputs 


Functional Description 


The 16-bit shift register operates in one of four modes, as 
indicated in the Shift Register Operations Table. A HIGH 
signal on the Chip Select (CS) input prevents clocking and 
forces the Serial Input/Output (SI/O) TRI-STATE buffer into 
the high impedance state. During serial shift-out operations, 
the SI/O buffer is active (i.e., enabled) and the output data 
is also recirculated back into the shift register. When parallel 
loading the shift register from the storage register, serial 
shifting is inhibited. 
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ULL. Input fyy/Iit 
HIGH/LOW Output Ion/loL 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
3.5/1.0 
150/40 (33.3) | —3 mA/24 mA (20 mA) 
50/33.3 


20 pA/—0.6 mA 
20 pA/—-0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
70 pA/—0.6 mA 


—1mA/20 mA 


The storage register has an asynchronous master reset 
(STMR) input that overrides all other inputs and forces the 
Qo-Qi5 outputs LOW. The storage register is in the Hold 
mode when either CS or the Read/Write (R/W) input is 
HIGH. With CS and R/W both LOW, the storage register is 
parallel loaded from the shift register. 





Shift Register Operations Table 


Control Inputs peat Operating Mode 
Ls | nw | Sar STCP ois 
High Z Hold H = HIGH Voltage Level 
Data In Serial Load L = LOW Voltage Level 
S iOutput X = Immaterial i 
Data Out erial Outpu ™. = HIGH-to-LOW Transition 
with Recirculation 
: Parallel Load; 
No Shifting 
Storage Register Operations Table 


Control Inputs Operating 
Mode 
STMR | cs | Rw | STCP HIGH Voltage Level 


x Reset; Outputs LOW = Lowe Veltage Lovet 
: = Immaterial 
x H : Hold _/~ = LOW-to-HIGH Transition 
H X xX Hold 
H L Ss Parallel Load 


Block Diagram 


O > FR eae |e 
SHIFT REGISTER 


veZ9 








Qo-Q15 


Do~Di5 


STORAGE REGISTER 
MR Qo~Qi5 


TL/F/9585-5 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
~—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 


ViL Input LOW Voltage 
Vcep 


Vou Output HIGH 


Voltage 


54F 10% Voc 

54F 10% Voc 2.4 
74F 10% Voc 2.5 
74F 10% Voc 2.4 
74F 5% Voc 2.7 


74F 5% Voc 2.7 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 
Input HIGH Current 
Breakdown Test (I/O) 
Input LOW Current 


Output Leakage Current 


Output Leakage Current 


Symbol Parameter aa 
in Typ Max 
Input Clamp Diode Voltage are 
2.5 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 126°C 
0°C to + 70°C 


+ 4,5V to +5.5V 
+4.5V to +5.5V 


Vcc Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


lin = —18 mA (Non I/O pins) 


lo = —1mMA (Qh, SI/O) 
lon = —3mA (SI/O) 
low = —1 MA (Qh, SI/O) 
lon = —3 mA (SI/O) 
lon = —1 MA (Q,, SI/O) 
lon = —3 mA (SI/O) 


loL = 20 mA (All outputs) 
Io. = 20 mA (Q,) 
lo. = 24 mA (SI/O) 


Vin = 2.7V (Non 1/O pins) 
Vin = 7.0V (Non I/O pins) 


= = 


Vin = 5.5V (SI/O) 


Vin = 0.5V 


Vour = 2.7V (SI/O) 


Vout = 0.5V (SI/O) 


= = 


Vout = 0V 
Vout = Vcc 
Vout = Voc 
Vo = HIGH 
Vo = LOW 


3/3 |5 /e 
RRB E 
oO 
< 


172 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Maximum Clock Frequency a a pss ___| 
Propagation Delay 10.5 12.0 
Steen ne 13.5 15.0 


Propagation Delay 
SHCP to SI/O ne 


Output Enable Time 5.0 41.0 
CS to SI/O 5.5 11.5 


Output Disable Time 3.5 
CS to SI/O 3.0 


12.5 
13.0 


Output Enable Time 
R/W to SI/O 4.5 ee 


Output Disable Time 
R/W to SI/O 


10.5 
11.5 


= 





AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
hae = +5.0V 


Ta; Voc = Mil Ta: Voc = Com 


Setup Time, HIGH or LOW 
CS er B/W to STCP 


Hold Time, HIGH or LOW 
CS or R/W to STCP 


Setup Time, HIGH or LOW 3.0 
SI/O to SHCP 


Hold Time, HIGH or LOW 
S1/O to SHCP 
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54F/74F674 


ADVANCED INFORMATION 


16-Bit Serial/Parallel-In, Serial-Out Shift Register 


General Description 


The ’F674 is a 16-bit shift register with serial and parallel 
load capability and serial output. A single pin serves alter- 
nately as an input for serial entry or as a TRI-STATE® serial 
output. In the serial-out mode the data recirculates in the 
register. Chip Select, Read/Write and Mode inputs provide 
control flexibility. 


Logic Symbols 


Po Py Po Pz Pg Ps Pe Pr Pg Po Pig Py Pin Paz Pig Pis 


IEEE/IEC 


3,40 _(0,1,2) 4D 


si/o 


Features 

@ 16-Bit serial |/O shift register 

m 16-Bit parallel-in, serial-out converter 
@ Recirculating serial shifting 

= Common serial data !/O pin 

@ Slim 24 lead DIP 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/8586~—1 


1 
2 
3 
4 
5 
6 
7 
8 
9 


—_— —- — 
no + Oo 


TL/F/9586~2 


Pin Assignment 
for LCC and PCC 
Po Py Po NCSI/OM NC 
Oe) 1) 

on 8 8 8 





i] 2 By 
Pg Pg PygNC Py 4P42Pq3 
TL/F/9586-3 


TL/F/9586-4 
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Functional Description 


The 16-bit shift register operates in one of four modes, as 
indicated in the Shift Register Operations Table. 


Hold—a HIGH signal on the Chip Select (CS) input prevents 
clocking and forces the Serial Input/Output (SI/O) TRI- 
STATE buffer into high impedance state. 


Serial Load—data present on the SI/O pin shifts into the 
register on the falling edge of CP. Data enters the Qo posi- 
tion and shifts toward Qs on successive clocks. 


Shift Register Operations Table 


Serial Output—the SI/O TRI-STATE buffer is active and the 
register contents are shifted out from Qy5 and simulta- 
neously shifted back into Qo. 

Parallel Load—data present on Po-P 15 are entered into the 
register on the falling edge of CP. The SI/O TRI-STATE 
buffer is active and represents the Q15 output. 

To prevent false clocking, CP must be LOW during a LOW- 
to-HIGH transition of CS. 


Operating Mode 


H X xX X High Z Hold 
L L X Ne Data ln Serial Load 


pe foe fe | XS | pao 





Serial Output 
with Recirculation 


F Parallel Load; 
pe fw fw LN | pete | No Shifting 


™X = HIGH-to-LOW Transition 


Block Diagram 
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54F/74F675A 


16-Bit Serial-In, Serial/Parallel-Out Shift Register 


General Description 


The ’F675A contains a 16-bit serial in/serial out shift regis- 
ter and a 16-bit parallel out storage register. Separate serial 
input and output pins are provided for expansion to longer 
words. By means of a separate clock, the contents of the 
shift register are transferred to the storage register. The 
contents of the storage register can also be loaded back 
into the shift register. A HIGH signal on the Chip Select 
input prevents both shifting and parallel loading. 


Ordering Code: see Sections 
Logic Symbols 


STCP QQ} Oz 3 Oy 05 Os O7 Og Oy 4p 0140420)3014Q45 SO 
TL/F/9587-1 


IEEE/IEC 
SRG16 


1 SHIFT RIGHT 
2 SHIFT RIGHT 
3 PARALLEL LOAD 


ee eee 
263,40 26]8D 9226 
TL/F/9587-5 


Features 
Serial-to-paralle! converter 
16-Bit serial I/O shift register 
16-Bit parallel out storage register 
Recirculating paralle! transfer 
Expandable for longer words 
Slim 24 lead package 
'F675A version prevents false clocking through CS or 
R/W inputs 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC 
and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9587-2 


Pin Assignment 
for LCC and PCC 


Qy Qy Qq NC SOSTCP SI 
oN) 
BEREREE BSB 


Bd (21) Ea By 24 BS) 
Qg Qq Qyp NC Q44 Qo O43 


TL/F/9587-3 
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Unit Loading/Fan Out: seo Section 2 for ULL. definitions 


54F/74F 


Pin Names Description ULL. Input lin/Ii. 
HIGH/LOW | Output lon/loL 


Serial Data Input 1.0/1.0 20 pA/—0.6 mA 
Chip Select Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Shift Clock Pulse Input (Active Falling Edge) 1.0/1.0 20 pA/—0.6 mA 
Store Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Read/Write Input 1.0/1.0 20 pA/—-0.6 mA 
Serial Data Output 50/33.3 —1mA/20 mA 

Paralle! Data Outputs 50/33.3 —1mA/20 mA 


Fu nctional Description Shift Register Operations Table 


The 16-Bit shift register operates in one of four modes, as Control Inputs Operating 


determined by the signals applied to the Chip Select (CS), Ww SHCP STCP Mode 
Read/Write (R/W) and Store Clock Pulse (STCP) input. 
State changes are indicated by the falling edge of the Shift Hold 
Clock Pulse (SHCP). In the Shift Right mode, data enters Do Shift Right 
from the Serial Input (SI) pin and exits from Qy5 via the Shift Right 
Serial Data Output (SO) pin. In the Parallel! Load mode, data 
from the storage register outputs enter the shift register and 
serial shifting is inhibited. 

The storage register is in the Hold mode when either CS or 
R/W is HIGH. With CS and R/W both LOW, the storage 
register is parallel loaded from the shift register on the rising 
edge of STCP. 


To prevent false clocking of the shift register, SHCP should 
be in the LOW state during a LOW-to-HIGH transition of CS. 
To prevent false clocking of the storage register, STCP 
should be LOW during a HIGH-to-LOW transition of CS if Parallel Load 
R/W is LOW, and should also be LOW during a HIGH-to- 


ed a7 ee: HIGH Voltage Level 
LOW transition of R/W if CS is LOW. LOW Voltage Level 


Immaterial 
~/ = LOW-to-HIGH Transition 
“ = HIGH-to-LOW Transition 





Logic Diagram 


Qo-Q 
TL/F/9587-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 556°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


ame ae 
| Min Typ Max | 


Vin___| Input HIGH Voltage er el 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 126°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Vit Input LOW Voltage Te Recognized as a LOW Signal 
Voo___| input Clamp Diode Vottage ia | vf in| hy = = 18mA 


Vou Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


Voltage 





VoL Output LOW 
Voltage 


Ite Input HIGH Current 


Input HIGH Current 
Breakdown Test 


lit Input LOW Current 


lon = —1mA 
lon = —1mA 
loo = —1mMA 


54F 10% Voc lo. = 20 mA 
74F 10% Voc lo. = 20mA 


Vin = 2.7V 


[mA | Max | Vin = 0.5V 


a 
| Output Short-Circuit Current | 60 = 160_|_ ma_| Max | Vour = 0V 
icex__| OutputHIGH Leakage Curent | 250 | A | Max | Vour = Voo 
tcc | PowerSupplyCurent_ | t08__t60_| ma | Max | Vo = HIGH 
lcc.__| PowerSupplyCurent | 108 160. |= mA_| Max | Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vee = = +5.0V Ta, Vcc = Mil | Ta, Veo = Com 


Ta = +25°C 
Vec = +5.0V 


Setup Time, HIGH or LOW 
CS or R/W to STCP 
Hold Time, HIGH or LOW 
CS or R/W to STCP 
pall a HIGH or LOW 
SI to SHCP 
Hold oe HIGH or LOW 
Sl to SHCP 
Setup Time, HIGH or LOW 7.5 
R/W to SHCP 10.0 
Hold Time, HIGH or LOW 
R/W to SHCP 
Setup Time, HIGH or LOW 7.0 8.0 
STCP to SHCP 7.0 8.0 
Hold Time, HIGH or LOW 
STCP to SHCP 
Setup ne HIGH or LOW 
CS to SHCP 
Hold ae ae or LOW 
CS to SHCP 

SHCP Pulse Width 6.0 
fea or LOW 6.0 
STCP Pulse Width 7.0 
HIGH or LOW 6.0 


Parameter Ta; Vcc = Mil Tas Voc = Com 
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54F/74F676 


16-Bit Serial/Parallel-In, Serial-Out Shift Register 


General Description 


The ’F676 contains 16 flip-flops with provision for synchro- 
nous parallel or serial entry and serial output. When the 
Mode (M) input is HIGH, information present on the parallel 
data (Po-P15) inputs is entered on the falling edge of the 
Clock Pulse (CP) input signal. When M is LOW, data is shift- 
ed out of the most significant bit position while information 
present on the Serial (SI) input shifts into the least signifi- 
cant bit position. A HIGH signal on the Chip Select (CS) 
input prevents both parallel and serial operations. 


Ordering Code: see Sections 


Logic Symbols 


Po Py Pg Pz Py Ps Pg Pz Pg Pg Pio Py Pro Py3 Pay Pus 


IEEE/IEC 


Features 

m@ 16-bit parallel-to-serial conversion 
@ 16-bit serial-in, serial-out 

w Chip select control 

Slim 24 lead 300 mil package 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/8588-1 


o von onan wa hye ~~ 


—-_—— = 
no — Oo 


TL/F/9588-2 


Pin Assignment 
for LCC and PCC 


P) Py Py NC SO M SI 
Oe ef) 
fans 





L] a8 
i) 223 23 24 
Pg Pg Pig NC Pyy Pip Py 
TL/F/9588-3 


TL/F/9588-4 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input hiy/Iie 
HIGH/LOW | Output lon/lIoL 


Parallel Data Inputs 1.0/1.0 
Chip Select Input (Active LOW) 1.0/1.0 
Clock Pulse Input (Active LOW) 1.0/1.0 
Mode Select Input 1.0/1.0 
Serial Data Input 1.0/1.0 
Seria! Output 50/33.3 


Functional Description 


The 16-bit shift register operates in one of three modes, as 
indicated in the Shift Register Operations Table. 

HOLD—a HIGH signal on the Chip Select (CS) input pre- 
vents clocking, and data is stored in the sixteen registers. 
Shift/Serial Load—data present on the SI pin shifts into 
the register on the falling edge of CP. Data enters the Qo 
position and shifts toward Qy5 on successive clocks, finally 
appearing on the SO pin. 

Parallel Load—data present on Po-P45 are entered into 
the register on the falling edge of CP. The SO output repre- 
sents the Q15 register output. 

To prevent false clocking, CP must be LOW during a LOW- 
to-HIGH transition of CS. 


Block Diagram 


20 pA/—0.6 mA 
20 pA/-0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 


Shift Register Operations Table 


Operating Mode 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

“X = HIGH-to-LOW Transition 
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Hold 
Shift/Serial Load 
Parallel Load 


TL/F/9588-5 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


54F/74F 
M 


in Typ Max 
—1.2 
2.5 


Symbol Parameter 


Output HIGH 54F 10% Voc 


74F 10% Voc 2.5 
74F 5% Voc 2.7 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Breakdown Test 
i 


IceEx Output HIGH Leakage Current 
loc Power Supply Current 


Voltage 





Via___|_ Input HIGH Voltage EE eee (ee 
Vi__|_ Input LOW Voltage [eae i Ea 
Voo___| InputGlamp Diodevotage | 12 |v 


-~ Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


lon = —1mMA 
lou = —1mA 
lon = —1mMA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Vcc 


= = = 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C _ 
Parameter Voc = +5.0V Ta: Vcc = Mil 
Cy, = 50 pF 
Min Typ Max 


Maximum Clock Frequency ee ee 
Propagation Delay 45 9.0 11.0 4.5 17.0 4.5 12.0 
CP to SO 5.0 9.0 12.5 5.0 14.5 5.0 13.5 

AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


4.0 
4.0 


Parameter Ta; Voc = Mil Ta, Voc = Com 


Setup Time, HIGH or LOW 


S! to CP 


Hold Time, HIGH or LOW 4.0 ‘ : 
Sl to CP 4.0 4 : 
Setup Time, HIGH or LOW 

P,, to CP 

Hold Time, HIGH or LOW 4.0 4.0 ! 
P,, to CP 4.0 4.0 i 
Setup Time, HIGH or LOW 8.0 8.0 8.0 
M to CP 8.0 8.0 8.0 


Hold Time, HIGH or LOW 

M to CP 

Setup Time, me wo | eof oo 
Us to Cr 

Hold Time, HIGH 

CS to CP po | of 
CP Pulse Width 4.0 4.0 

HIGH or LOW 6.0 6.0 
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54F/74F701 


ADVANCED INFORMATION 


Register, Counter, Comparator 


General Description 


The 'F701 is a high speed 8-bit expandable regis- 
ter/counter/comparator. It is capable of synchronous load- 
ing of the counter and/or register as well as an up/down 
counting facility. The device incorporates an 8-bit bidirec- 
tional data bus which is used to input data to the register or 
counter. The data bus is also used to output the values held 
in the register and counter. Internal data paths allow the 
value held in the register to be transferred to the counter or 
the values to be transferred from the counter to the register. 
The outputs of the counter and the register are compared in 
an “A=B” comparator. 


Logic Symbol 


Do Dy Dy Ds Dy Ds 0g 07 


TL/F/9589-3 


Features 

@ 8-bit counter/register/comparator 

@ Synchronous parallel loading and counting 

@ Look ahead carry capability for easy cascading 
a TRI-STATE® output for bus organized systems 
m@ Multi data path routing 

@ 80 MHz count frequency 

m@ Fully expandable for 16, 24, 32, etc., bit systems 


Connection Diagram 


Pin Assignment for DIP, 
SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 
9 


= 
no + oO 


TL/F/9589-1 
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Functional Block Diagram 


o«l—j{>0 


[> (0:7) 


COMPARATOR 


TL/F/9589-2 
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54F/74F702 
Read-Back Transceiver 


General Description 


The 'F702 is a byte wide readback transceiver with bidirec- 
tional controls. It is a buffered transceiver that features 
readback capabilities allowing previously latched data to be 
read back to the originating bus. These extra pathways are 
controlled with separate enables in order to allow indepen- 
dent operation of each side of the transceiver. 


The Read-Back Transceiver can be used as a buffered in- 
terface between two busses. Data can be transmitted from 
A to B and temporarily stored in the B latch. Later, the data 
in the B latch can be accessed by the A bus in order to 
verify that the correct data is held by the B latch. 


Logic Symbol 


setag 40 At Az Az Ag As Ag Az 
SELBA 


By By By Bs By Bs Bg By 





TL/F/9590-1 


ADVANCED INFORMATION 


Bus integrity can be verified using the ’F702. Data from A is 
stored in the B latch. Later, the data is fed back to the A bus 
and compared to a matching word in the system. If the 
match is good, then the A bus is maintaining the correct 
state. The B bus can also be checked in the same manner. 


Features 
m Bi-directional control 
m Allows feedback from latches to original data bus 


m Allows independent operation of each side of the 
transceiver 
@ 300 Mil 24-pin slimline DIP 


Connection Diagram 


Pin Assignment 
for DIP, SOIC and Flatpak 


oDmAaN OUT F WD 


_-_ 
no + oO 


TL/F/9590-2 
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Functional Block Diagram 
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54F/74F707 


ADVANCED INFORMATION 


400 MHz 8-Bit TTL-ECL Register 


General Description 


The 'F707 TTL-ECL Shift Register is comprised of an 8-bit 
transparent holding register with TTL inputs for data and 
load enable which is translated internally to ECL levels. The 
holding register is the loading stage for the 8-bit shift regis- 
ter. The shift register is a single direction, two output shift 
register with a cascade input that is functional during serial 
shift operations. 


The shift register also features a mode input (MODE) and 
differential ECL clock inputs (SC and SC) for synchronous 
shifting and loading of data, both of which are done on the 
rising edge of the clock. The mode input is provided for 
selection of shifting or loading of data. Two outputs are 
available, one for every fourth bit of the shift register. Paral- 
lel loading will take place at speeds up to 100 MHz. Shifting 
will take place at speeds up to 400 MHz. The 'F707 was 
designed for high speed TTL-ECL translation applications in 
high resolution color graphics, instrumentation, and commu- 
nication systems. 


Functional Block Diagram 


TL/F/9582-1 


Features 

m 400 MHz shift speed 

m@ 100 MHz parallel load speed 

a TTL parallel inputs 

m= ECL serial input 

m@ 10K and 10KH ECL compatible 
@ Transparent data holding register 
@ Available in 20-lead DIP 


Applications 

@ High resolution color graphics 
mw CAE/CAD/CAM applications 
m Radar Processing 

@ Instrumentation 


Connection Diagram 


Pin Assignment 
for DIP 


oman One WN 


TL/F/9582~2 
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"F707 Logic Diagram 
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54F/74F710 


ADVANCED INFORMATION 


400 MHz Single Supply TTL-ECL Shift Register 


General Description 


The 'F710 Shift Register is comprised of an 8-bit transpar- 
ent holding register with TTL inputs for data and load enable 
which is translated internally to ECL levels. The holding reg- 
ister is the loading stage for the 8-bit shift register. The shift 
register is a single direction, two output shift register with a 
cascade input that is functional during serial shift opera- 
tions. 


The shift register also features a mode input (MODE) and 
differential ECL clock inputs (SC and SC) for synchronous 
shifting and loading of data, both of which are done on the 
rising edge of the clock. The mode input is provided for 
selection of shifting or loading of data. Two outputs are 
available, one for every fourth bit of the shift register. Paral- 
le! loading will take place at speeds up to 100 MHz. Shifting 
will take place at speeds up to 400 MHz. The 'F710 was 
designed to be used in systems where both TTL and ECL 
logic are operating from a common voltage supply. 


The ’F710 can be used in applications of high speed 
TTL-ECL translation such as high resolution color graphics, 
instrumentation, and communication systems. 


Functional Block Diagram 


TL/F/9791-1 


Features 

m@ 400 MHz shift speed 

m@ 100 MHz parallel load speed 

@ TTL parallel inputs 

m@ ECL serial input 

@ 10K and 10KH ECL compatible (referenced to Vcc) 
@ Transparent data holding register 

m Available in 20-lead DIP 


Applications 

@ High resolution color graphics 
m@ CAE/CAD/CAM applications 
m@ Radar Processing 

a Instrumentation 


Connection Diagram 


Pin Assignment 
for DIP 


oan oun et WwW PP 


TL/F/9791-2 
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’°F710 Logic Diagram 
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54F/74F779 


ADVANCED INFORMATION 


8-Bit Bidirectional Binary Counter 


with TRI-STATE® Outputs 


General Description 


The 'F779 is a fully synchronous 8-stage up/down counter 
with multiplexed TRI-STATE I/O ports for bus-oriented ap- 
plications. All contro! functions (hold, count up, count down, 
synchronous load) are controlled by two mode pins (So, $4). 
The device also features carry lookahead for easy cascad- 
ing. All state changes are initiated by the rising edge of the 
clock. 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Vp 04 V02 1/03 V0, 1/05 0g 1/07 


TL/F/9593-1 


1 

2 
3 
4 
5 
6 
7 
8 


IEEE/IEC 
CTR DIV 256 


4 TC HELD HIGH 
DOWN 
| M-| uP 

3LHOLO 


TL/F/9593-5 


Features 

m@ Multiplexed TRI-STATE I/O ports 
@ Built-in lookahead carry capability 
m@ Count frequency 100 MHz typ 

mw Supply current 80 mA typ 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


7031/02 NC 1/041/0, 


(8) @) (6) (8) (4) 


1/05 
1/06 





S888 
0, OE NC Sy Sp 


TL/F/9593-2 


TL/F/9593-3 
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Logic Diagram 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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54F/74F821 
10-Bit D-Type Flip-Flop 


General Description Features 


The 'F821 is a 10-bit D-type flip-flop with TRI-STATE® true ™ TRI-STATE Outputs 
outputs arranged in a broadside pinout. The 'F821 is func- | Direct replacement for AMD’s Am29821 
tionally and pin compatible with the AMD’s Am29821. . 


Ordering Code: see Section 5 
Logic Symbols ~ Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


Dy Dg Ds NC Dy Ds D> 


ca co en eae cae 
Dy Dy Dz Ds Dy Os Dg Dy Dg Dg 


Oy 04 02 0; 0% Os Og 07 Og Og 





TL/F/9595-1 


oonrounrk wary - 


IEEE/IEC 





faq Ea] 25) 
07 Og Os NC 0, 03 0, 
TL/F/9595-3 


_—_— oo 
n+ Oo 


TL/F/9595-2 


TL/F/9595-5 


Unit Loading/Fan Out: see ee 2 for U.L. definitions 


a 7. ee 74F 
Pin Names Description ULL. input Ii4W/Ii 
HIGH/LOW Output Iox/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/-0.6 mA 


Output Enable 
TRI-STATE Input 
Clock Input 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Outputs | 150/40 (33.3) | —3.0 mA/24 mA (20 mA) 
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Functional Description 


The ’F821 consists of ten D-type edge-triggered flip-flops. 
This device has TRI-STATE true outputs for bus systems 
organized in a broadside pinning. The buffered Clock (CP) 
and buffered Output Enable (OE) are common to all flip- 
flops. The flip-flops will store the state of their individual D 
inputs that meet the setup and hold times requirements on 
the LOW-to-HIGH CP transition. With the OE LOW the con- 
tent of the flip-flops are available at the outputs. When the 
OE is HIGH, the outputs go to the high impedance state. 
Operation of the OE input does not affect the state of the 
flip-flops. 


Logic Diagram 
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Function Table 


Z Hold 
Zz Hold 


Zz Load 
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L = LOW Voltage Level 

H = HIGH Voltage Level! 

X = Immaterial 

Z = High Impedance 

~ = LOW-to-HIGH Transition 
NC = No Change 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
{input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output ° 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


input HIGH Voltage ie 
Input LOW Voltage ee ee 
input Clamp Diode Voltage pt TL Mi 


ViH 
Vit 
Vep 


Vou Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Vcc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


| inputLowCurrent LOW Current 
loZH 
loz 
los 
IcEX 
Iccz 





Input HIGH Current a 
Input HIGH Current A 
imei Test ft 


a ae eee a oe 
| OutputLeakage Curent | 50 | A | Max | 
| Output Short-Circuit Curent | 60150 | ma_| Max | 
| OutputHIGH Leakage Current | 250 | HA | Max | 
| PowerSupply Curent | 78100 | mA_| Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


lin = —18mA 


loy = —1mA 
lon = —3mMA 
lox = —1mA 
lon = —3mA 
lon = —1mMA 
loy = —3 mA 


lol = 20mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
VouT = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Vcc 
Vo = HIGHZ 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C_ = 50 pF 


Min Typ Max | Min Max | Min Max _| 
Maximum Clock Frequency | 100 160 ee eee 


Propagation Delay . : 6.4 9.5 2.0 10.5 2.0 10.5 
CP to O7, 6.2 9.5 2.0 10.5 2.0 10.5 
Output Enable Time 5.8 10.5 2.0 13.0 2.0 11.5 
OE to O, 6.3 10.5 2.0 13.0 2.0 11.5 
Output Disable Time 5 3.4 7.0 1.0 

OE to On He 3.5 7.0 1.0 ee ie 


Ta: Vec = Mil 
C,. = 50 pF 


AC Operating —eee See Section 2 for Waveforms 


a = +25°C 


Parameter a = +50V 


Setup Time, HIGH or LOW ee 
Dn to CP 


Hold Time, HIGH or LOW 
Dn to CP 


CP Pulse Width 
HIGH or LOW 
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823 


National © 
Li Semiconductor 


54F/74F823 
9-Bit D-Type Flip-Flop 


General Description Features 

The 'F823 is a 9-bit buffered register. It features Clock En- & TRI-STATE® outputs 

able and Clear which are ideal for parity bus interfacing in ™ Clock Enable and Clear 

high performance microprogramming systems. m Direct replacement for AMD’s Am29823 


The 'F823 is functionally and pin compatible with AMD's 
Am29823. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 
D7 Dg Ds NC Dy Ds Dp 

&) 
as 


jor Po % 2 Ds 04 Os Dy D7 Og 





TL/F/9596-2 


IEEE/IEC 


aon Dom oe WwW NHN 


i) 
07 Og Os NC 04 0s 0, 
TL/F/9598-4 


TL/F/9596-3 


TL/F/9596-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input in/lie 
HIGH/LOW Output lox/lot 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 


Output Enable Input 1.0/1.0 20 pA/—0.6 mA 
Clear 1.0/1.0 20 pA/—0.6 mA 
Clock Input 1.0/2.0 20 pA/—1.2 mA 
Clock Enable 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Outputs | 150/40 (33.3) | —3mA/24 mA (20 mA) 
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Functional Description 


The 'F823 device consists of nine D-type edge-triggered 
flip-flops. It has TRI-STATE true outputs and is organized in 
broadside pinning. The buffered Clock (CP) and buffered 
Output Enable (OE) are common to all flip-flops. The flip- 
flops will store the state of their individual D inputs that meet 
the setup and hold times requirements on the LOW-to-HIGH 
CP transition. With the OE LOW the contents of the flip- 
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. In addi- 


tion to the Clock and Output Enable pins, the ’F823 has 
Clear (CLR) and Clock Enable (EN) pins. 


When the CLR is LOW and the OE is LOW, the outputs are 
LOW. When CLR is HIGH, data can be entered into the flip- 
flops. When EN is LOW, data on the inputs is transferred to 
the outputs on the LOW to HIGH clock transition. When the 
EN is HIGH, the outputs do not change state regardless of 
the data or clock inputs transitions. This device is ideal for 
parity bus interfacing in high performance systems. 


Function Table 


2 
m 
s 
9 
a 
z 
Zz 
oO 
uv 


Pern het ee OL 
Ee. se ee ee a 
er rrr rr he ee 
<xx<xDrermaemuaKe KKK «Kk x/|o 


L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Immaterial 

Z = High Impedance 

/ = LOW-to-HIGH Transition 
NC = No Change 


stata 


Logic Diagram 


Hold 
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Clear 
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Load 

Load 

Data Available 
Data Available 

No Change in Data 
No Change in Data 


atts ia ax 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


ViH 
Vit 
Vop 


Input LOW Voltage 


Input Clamp Diode Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Vcc 
Voltage 74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 
lit Input LOW 
Current 
loZH Output Leakage Current 
Output Leakage Current 


Vou 


Output HIGH 


Voltage 


loz 
los 
IcEX 


l2z 
locz 


Min Typ Max 
Input HIGH Voltage Es aaa 
2.5 





Output HIGH Leakage Current aaa 
Power Supply Current 75 100 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4,5V to + 5.5V 


Conditions 
Vv Recognized as a HIGH Signa! 
Vv 

Vv 


Recognized as a LOW Signal 
lin = —18mA 


—1mA 
—-3mA 
—-1mA 
—3mA 
—1mA 
-3mA 


lo. = 20 mA 
lo. = 24mA 


VIN = 2.7V 
Vin = 7.0V 


> 


> 


Vin = 0.5V (OE, CLR, EN) 
Vin = 0.5V (CP) 

VouT = 2.7V 

VouT = 0.5V 

Vout = 0V 


Vout = Voc 


=e YE 
> |> 


= 
> 


= 
> 
° 
< 


Vout = Vcc 
Vo = HIGHZ 


3 
> 





AC Electrical Characteristics: see Section 2 for waveforms and Load Configurations 


Ta = +25°C = 
Parameter Veco = +5.0V - pie “a 
C. = 50 pF bene 
Min Typ Max | Min Max | Min Max | 


MaximumClock Frequency | 100 160 | 60 | 70 Mn | 21 
2 


00 160 

Propagation Delay 2.0 5.6 9.5 .O 10.5 2.0 10.5 

CP to On 2.0 5.2 9.5 2.0 10.5 2.0 10.5 

Propagation Delay 

CLA to Op 4.0 7.1 12.0 4.0 13.0 4.0 13.0 

Output Enable Time 2.0 5.8 10.5 2.0 13.0 2.0 11.5 

OE to O, 2.0 5.5 10.5 2.0 13.0 2.0 11.5 
1.5 7.5 


Output Disable Time 1.5 2.9 7.0 1.0 7.5 
OE to O, 1.5 2.7 7.0 1.0 7.5 1.5 7.5 


Ta = +25°C 


Parameter Veo = +5.0V 


Ta; Vcc = Mil Ta, Voc = Com 


Setup Time, HIGH or LOW 4.0 
Dr to CP 4.0 
Hold Time, HIGH or LOW 

Dp to CP 

Setup Time, HIGH or LOW 4 

EN to CP 


Hold Time, HIGH or LOW 
EN to CP 


CP Pulse Width 
HIGH or LOW 5.0 


CLR Pulse Width, LOW 


CLR Recovery Time 


6.0 


3.0 
1.0 
6.0 


5 
2.5 
5.0 
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825 


National © 
Semiconductor 


54F/74F825 
8-Bit D-Type Flip-Flop 


General Description 


The 'F825 is an 8-bit buffered register. It has Clock Enable 
and Clear features which are ideal for parity bus interfacing 
in high performance microprogramming systems. Also in- 
cluded in the F825 are multiple enables that allow multi- 


Features 

m TRI-STATE® output 

m Clock enable and clear 

@ Multiple output enables 

= Direct replacement for AMD’s Am24825 


user control of the interface. 


The 'F825 is functionally and pin compatible with AMD’s 
Am29825. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


Pin Assignment 
for LCC and PCC 


Do Dy Dz Ds Dy Ds Dg D7 

Dg Dg Dy NC Ds Dp Dy 

oOo S 
BenheaSs 


Oy 0; 02 03 04 Os Og 0, 





TL/F/9597-1 
IEEE/IEC 


oWMOnownrkuwns = 


PO 
2] 2a Bs 
Og Os 04 NC 03 02 0, 
TL/F/9597-3 





—_-_— 
non —- Oo 


TL/F/9597~2 


TL/F/9597-4 
Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 


U.L. Input Iyy/Ui 
HIGH/LOW Output Ioy/lot 


20 pA/—0.6 mA 


Pin Names Description 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 


Clock Enable 
Clear 
Clock Input 
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Functional Description 


The ’F825 consists of eight D-type edge-triggered flip-flops. 
This device has TRI-STATE true outputs and is organized in 
broadside pinning. In addition to the clock and output en- 
able pins, the buffered clock (CP) and buffered Output En- 
able (OE) are common to all flip-flops. The flip-flops will 
store the state of their individual D inputs that meet the 
setup and hold times requirements on the LOW-to-HIGH CP 
transition. With the OE LOW the contents of the flip-flops 
are available at the outputs. When the OE is HIGH, the out- 
puts go to the high impedance state. Operation of the OE 


input does not affect the state of the flip-flops. The "F825 
has Clear (CLR) and Clock Enable (EN) pins. 


When the CLR is LOW and the OE is LOW the outputs are 
LOW. When CLR is HIGH, data can be entered into the flip- 
flops. When EN is LOW, data on the inputs is transferred to 
the outputs on the LOW-to-HIGH clock transition. When the 
EN is HIGH the outputs do not change state, regardless of 
the data or clock input transitions. 


Function Table 


mal 
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z 


rai eld aN ca le die Cy aa ee 
see is oils ls is ol Sat on gee ds eo od Ua 
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rPt\\\N xxx ees 


= LOW Voltage Level 
= HIGH Voltage Level 
: = {mmaterial 
Z = High Impedance 
—/ = LOW-to-HIGH Transition 
NC = No Change 


Logic Diagram 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Min Typ Max 
2.5 


ViH 
ViL 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 


Veo 
Vou 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


2.7 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 


Power Supply Current 75 90 





Input LOW Current 8 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mA 
lon = —3mA 
lon = —1imA 
lon = —3mA 
lon = —1mA 
lon = —3mA 


lo. = 20mA 
lo. = 24mA 


VIN = 2.7V 
VIN = 7.0V 


Vv 
Vv 
Vv 


10 


Vin = 0.5V 

Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 

Vout = Vcc 
Vout = Voc 
Vo = HIGHZ 


p 
0 Be 
m. 
pe 
m 


0.0 


< 


Vv 
A 
A 
A 
A 
pA 

A 
pA 
pA 
mA 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter H 


Maximum Clock Frequency 100 160 


Propagation Delay 2.0 : : 2.0 10.5 2.0 10.5 

CP to On 2.0 . : 2.0 10.5 2.0 10.5 

Propagation Delay 

CLR to Op 4.0 7.4 12.0 4.0 13.0 4.0 13.0 

Output Enable Time 2.0 6.5 10.5 2.0 13.0 2.0 11.5 

OE to O, 2.0 6.6 10.5 2.0 13.0 2.0 11.5 
1. 1.5 7.5 
1. 


Output Disable Time 3.5 7.0 1.0 7.5 


5 
OE to On 5 3.3 7.0 1.0 7.5 1.5 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 


Pa t 
rameter Veo = +5.0V 


Tas Vec = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 
Dr, to CP 


Hold Time, HIGH or LOW 


Dp, to CP 


Hold Time, HIGH or LOW ; 3.0 
EN to CP 0 


2.0 0 
CP Pulse Width 6.0 6.0 
HIGH or LOW 6.0 6.0 


CLR Pulse Width, LOW 


CLARecoverytime | so | so | 80s 
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National - 
Semiconductor 


54F/74F827 @ 54F/74F828 
10-Bit Buffers/Line Drivers 


General Description Features 
The 'F827 and 'F828 10-bit bus buffers provide high per- ™ TRI-STATE® output 
formance bus interface buffering for wide data/address 4 'F828 is inverting 


paths or buses carrying parity. The 10-bit buffers have NOR =m Direct replacement for AMD’s Am29827 and Am29828 
output enables for maximum control flexibility. 


The 'F827 and ’F828 are functionally- and pin-compatible to 
AMD’s Am29827 and Am29828. The ’F828 is an inverting 
version of the "F827. 


Ordering Code: see Sections 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, Flatpak and SOIC for LCC and PCC 
’F827 "F827 

D7 Dg Dg NC Dy Dz Dy 
1 fo [s) (6) 5) 


ooaonouwrkrk wan 


’ (9) Bo 2d Ba 23 ba eS 


= 
=— Oo 


TL/F/9598-2 


TL/F/9598-1 


"F828 


NC Dy Ds Dy 
ea ea) 


oon nar wWRhY = 





wea a es ees 
07 Og Os NC 0, 05 0, 
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TL/F/9598-9 
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Ne 
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Logic Symbols 


IEEE/IEC 


TL/F/9598-6 


Do Ds D, Ds Dg Dz Dg Dg 


05 03 04 Os Og 07 0g 05 


TL/F/9598-3 
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IEEE/IEC 


TL/F/9598-7 


Do Ds D, Ds Dg 07 Dg Dg 


Op 03 04 Os 0g 07 Og Oy 


TL/F/9598-10 
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827 © 828 


Unit Loading/Fan Out: see Section 2 for ULL. ee 


a 7. ae 
Pin Names Description ULL. Input Iy/lie 
HIGH/LOW Output Ion/lot 


Output Enable Input 20 pA/—0.6 mA 
Data Inputs 0/1. 20 pA/—0.6 mA 
Data Outputs, TRI-STATE | 600/106.6 (80) | — 12 mA/64 mA (48 mA) 


Functional Description Function Table 
The 'F827 and ’F828 are line drivers designed to be em- 


ployed as memory address drivers, clock drivers and bus- [ns 
oriented transmitters/receivers which provide improved PC 
board density. The devices have TRI-STATE outputs con- ia "F827 F828 


trolled by the Output Enable (OE) pins. The outputs can sink 

64 mA (48 mA mil) and source 15 mA. Input clamp diodes L H H L Transparent 

limit high-speed termination effects. L L L H Transparent 
H X Z Zz High Z 


H = HIGH Voltage level 
L = LOW Voltage Level 
Z = High Impedance 

X = Immaterial 





Logic Diagrams 


Dg Dg D7 


Ver-V eV -V FV V rv eV VV 
ALL Lilie 


OE, 


TL/F/9598-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


"F828 


D, Ds D, 


oe 

OE, 

TL/F/9598-11 
Please note that this diagram is provided only for the understanding of logic operations and shoutd not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 58°C to + 125°C 
Junction Temperature under Bias —55°C to +175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VIH 
VIL 
Vcp 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
747 5% Voc 

74F 5% Voc 

Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 


Input LOW Current 


VoH 


Output Leakage Current 


Power Supply Current (’F827) 30 45 
Power Supply Current (’F827) 60 90 


Power Supply Current (’F827) 40 


Power Supply Current (’F828) | 4480 
Power Supply Current (’F828) a 
Power Supply Current (’F828) | 50 CF 


54F/74F 


Min Typ Max 
Input HIGH Voltage ee 
2.4 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to +70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Vcec Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3 mA 
lon = —12mA 
lon = —3mA 
loo = —12mMA 
lon — —S3 MA 
loo = —15mA 


lo. = 48 mA 
lo. = 64mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 

Vout = Vcc 


° 
° 
< 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


60 mA 

mA Max 
mA 
mA 


et lr ele la] {re 
aeeeibislesilesf]<| < [lle 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 1.0 
Data to Output ('F827) 1.5 
Propagation Delay 1.0 
Data to Output (’F828) 1.0 
Output Enable Time 3.0 
OE toO, 3.5 
Output Disable Time 1.5 
OE to O, 1.0 
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National | 
Semiconductor 


54F/74F841 
10-Bit Transparent Latch 


General Description Features 


The 'F841 bus interface latch is designed to eliminate the #& TRI-STATE® output 

extra packages required to buffer existing latches and pro- m Direct replacement for AMD’s Am29841 
vide extra data width for wider address/data paths or buses 

carrying parity. The 'F841 is a 10-bit transparent latch, a 10- 

bit version of the ‘F373. 

The 'F841 is functionally and pin compatible to AMD’s 

Am29841. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 
Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC and PCC 


Dy Dg Ds NC Dy Dz Dy 
She phe Lene T on 
nn 8 


Dp Dy Dz Ds Dy Ds Dg Dy Dg Dg 


Og Og 07 Og Os 04 03 0, 04 Og 


TL/F/9599-1 


IEEE/IEC 


o On ouwnrtk won = 





Gi 22 23 Ba 
TL/F/9599-9 


TL/F/9599-2 


TL/F/9599-5 


Unit Loading/Fan Out: see ee 2 for U.L. definitions 


| ARTIF 
Pin Names Description ULL. Input h/t 
HIGH/LOW Output lon/lot 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Outputs | 150/40 (33.3) | —3mA/24 mA (20 mA) 
Output Enable Input 1.0/1.0 20 pA/—0.6 mA 
Latch Enable 1.0/1.0 20 pA/—-0.6 mA 








4-585 


Lvs 


841 


Functional Description 


The ’F841 device consists of ten D-type latches with 
TRI-STATE outputs. The flip-flops appear transparent to the 
data when Latch Enable (LE) is HIGH. This allows asyn- 
chronous operation, as the output transition follows the data 
in transition. 


Function Table 


Tmeerrrrrrim.~x 
mreéxMxXxXPErIrIrIIrmEX 
NNICZTAZICNNNN 


Logic Diagram 


ar . 


0% 0, 02 03 


On the LE HIGH-to-LOW transition, the data that meets the 
setup and hold time is latched. Data appears on the bus 
when the Output Enable (OE) is LOW. When OE is HIGH 
the bus output is in the high impedance state. 


High Z 
High Z 
High Z 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = HIGH Impedance 
NC = No Change 


eee 


0% O5 


06 07 Og 
TL/F/9599~-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias ~ 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—-0.5V toVcoc 
—0.5V to +5.5V 


DC Electrical Characteristics 


ViH 
ViL 


Vcep 


VoH Output HIGH Voltage 54F 10% Vcc 
54F 10% Voc 


74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
T4F 5% Voc 


Output LOW 
Voltage 


| inputHIGH Current = HIGH Current 


54F 10% Voc 
74F 10% Voc 


lit | InputLowCurent LOW Current 


lOoZH 
loz 
los 


Output Short-Circuit Current 
Output HIGH Leakage Current 


Icex 
Izz 


Power Supply Current 


locz 


ee 


Input HIGH Voltage fae ee | 
input LOW Voltage ae oe 
Input Clamp Diode Voltage ee 





recast | ta Vin 
Input HIGH Current VIN 
aia Test 


Output Leakage Current es 
Output Leakage Current p80 | nA | Max | 


| =e =150 | ma_| 
pat | 
| BusDrainageTest_ | 800 |_| 0.0 
| og | ma 
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Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°C to +70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = -1mA 
lon = —3mA 
lon = —1mA 
loo = —3 mA 
lon = —1mA 
lon = —3mA 


lo. = 20 mA 
lo. = 24mA 


= 2.7V 
= 7.0V 


| Max | Vin = 0.5V 

Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 

Vout = Voc 
Vout = Voc 
Vo = HIGHZ 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Symbol 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 


Ta: Vec = Mil 
CL = 50 pF 


Propagation Delay 
Dn to On 


Propagation Delay 
LE to On 


eo = +25°C = 2 
Parameter in = +50V Ta; Vec = Mil 


Setup Time, HIGH or LOW 
Dn to LE 


Hold Time, HIGH or LOW 
Dn to LE 


LePusewidin HIGH | 40 | | ons | 2 
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National - 
Semiconductor 


54F/74F843 
9-Bit Transparent Latch 


General Description Features 


The 'F843 bus interface latch is designed to eliminate the m™ TRI-STATE® output 

extra packages required to buffer existing latches and pro- m Direct replacement for AMD’s Am29843 
vide extra data width for wider address/data paths or buses 

carrying parity. 

The ’F843 is functionally and pin compatible with AMD's 

Am29843. 


Ordering Code: see section 5 


Logic Symbols Connection Diagrams 


IEEE Symbol! Pin Assignment Pin Assignment 
for DIP and SOIC for PCC 

D7 Dg Ds NC Dy Dz Dy 

HORE 


0 
CLR [3] 
GND (4) 
NC (3) 
Le 3) 
PRE 7) 
0s 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9453-~3 


TL/F/9453-6 TL/F/9453~2 
Dg Dy Dz Dy Dy D5 Dg Dy Dg 


OFPRE 04 0, 02 03 04 Os Og 07 Og 
TL/F/9453~1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description U.L. Input tyH/Ie 
HIGH/LOW Output Ion/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 


Output Enable Input 1.0/1.0 20 pA/—0.6 mA 
Latch Enable 1.0/1.0 20 pA/—0.6 mA 
Clear 1.0/1.0 20 pA/—0.6 mA 
Preset 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Data Outputs | 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The ’F843 consists of nine D-type latches with TRI-STATE 
outputs. The flip-flops appear transparent to the data when 
Latch Enable (LE) is HIGH. This allows asynchronous oper- 
ation, as the output transition follows the data in transition. 
On the LE HIGH-to-LOW transition, the data that meets the 
setup times is latched. Data appears on the bus when the 
Output Enable (OE) is LOW. When OE is HIGH, the bus 


Function Table 


7) 
ml 
a 
as] 
z 
mi 
ie} 
m 
- 
m 


xx xX << xK Er KIT KIO 


High Z 
High Z 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 


H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 


Logic Diagram 


ee te a: “2 
es AY ae en ce re rome) coe! et Ce 
fm ms OS EE re ee 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


05 
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output is in the high impedance state. In addition to the LE 
and OE pins, the ’F843 has a Clear (CLR) pin and a Preset 
(PRE). These pins are ideal for parity bus interfacing in high 
performance systems. When CLR is LOW, the outputs are 
LOW if OE is LOW. When CLR is HIGH, data can be en- 
tered into the latch. When PRE is LOW, the Outputs are 
HIGH if OE is LOW. Preset overrides CLR. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
NC = No Change 


TL/F/9453-4 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 

Storage Temperature —65°C to + 150°C 

Ambient Temperature under Bias —55°C to +125°C 

Junction Temperature under Bias — 55°C to + 175°C 

Vcc Pin Potential to 
Ground Pin 

Input Voltage (Note 2) 

Input Current (Note 2) 

Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE Output 

Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
~—30 mA to +5.0mA 


OV) 
—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter a 
Typ Max 


input HIGH Voltage (eee 


VIH 
Vit 
Vcp 
VoH 


Input LOW Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


74F 5% Voc 
74F 5% Voc 


Output LOW Voltage 54F 10% Voc 


74F 10% Voc 
Input HIGH Current 


Input HIGH Current 


Breakdown Test 
lit Input LOW Current 
lOZH Output Leakage Current 
Output Leakage Current 


Output Short-Circuit Current 


loz 
los 

IcEx Output HIGH Leakage current 
lzz Bus Drainage Test 


loc Power Supply Current 


Input Clamp Diode Voltage 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


lin = —18mA 


log = —1mA 
lon = -—3mMA 
loo = -—1mA 
loo = -—3mA 


VouT = 2.7V 
Vout = 0.5V 
Vout = OV 

Vout = Vcc 
Vout = Vcc 


= 
Bak 
2 
° 
< 


B 
> 
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843 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Propagation Delay 5 : 5.4 
Dr to On 4.2 


Propagation Delay 8.5 
LE to O, 4.7 


Propagation Delay 
PRE to O, 


Propagation Delay 
CIR to O7 


Output Enable Time 
OE to O,7 


Output Disable Time 
OE to Oy, 


—— = +25°C 
Voc = +5.0V 


Setup Time, HIGH or LOW 
Dy, to LE 


Hold Time, HIGH or LOW 
Dy to LE 


LEPulse Width, HIGH =| 40 | 


Parameter 
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National | 
Semiconductor 


54F/74F845 
8-Bit Transparent Latch 


General Description Features 


The 'F845 bus interface latch Is designed to eliminate the =m TRI-STATE® outputs 

extra packages required to buffer existing latches and pro- m Direct replacement for AMD’s Am29845 
vide extra data width for wider address/data paths or buses 

carrying parity. 

The 'F8465 is functionally- and pin-compatible with AMD’s 

Am29845. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 
Dg Ds Dy NC Ds Dy Dy 
1 fo ©) ayes] 

eee 


OJOE; Dp Dy 02 Ds Dy Ds Dg Dy 





TL/F/9601-3 
IEEE/IEC 


oon oonouwnr WR 


TL/F/9601-2 


TL/F/9601—~1 


TL/F/9601-5 


Unit Loading/Fan eee See Section 2 for U.L. definitions 


a 7. ae 
Pin Names Description ULL. Input hiy/Ii 
HIGH/LOW Output lon/loL 


Data Inputs 1.0/1.0 20 pA/-0.6 mA 


Data Outputs 150/40 (33.3) —3.0 A/24 mA (20 mA) 
Output Enables 1.0/1.0 20 pA/—-0.6 mA 
Latch Enable 1.0/1.0 20 pA/-0.6 mA 
Clear 1.0/1.0 20 pA/-0.6 mA 
Preset 1.0/1.0 20 pA/—0.6 mA 
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Functional Description 


The ’F845 consists of eight D-type latches with TRI-STATE 
outputs. The flip-flops appear transparent to the data when 
Latch Enable (LE) is HIGH. This allows asynchronous oper- 
ation as the output transition follows the data in transition. 


Logic Diagram 


On the LE HIGH-to-LOW transition, the data that meets the 
setup times is latched. Data appears on the bus when the 
output Enable (OE) is LOW. When OE is HIGH, the bus 
output is in the high impedance state. 


e 

Pp 
te 
FE. 

O 


eet 


Q 0, 02 


aa | eh 
YVVNVAN VW Py 
RANA 





Oz 0, Os Og 07 


TL/F/9601-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Function Table 


(CCR PRE OE Le b| a | o | 


D 
X 
L 
H 
Xx 
L 
H 
X 
X 
X 
X 
X 
X 


High Z 

High Z 
High Z 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 


R 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
L 


ae Pr SE a a ee 
Ler reo rr Lr Es 
[el Ee = P= a a Se Se OE ene 
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= HIGH Voltage Level 
= LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
NC = No Change 


H 
L 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vi 
ViL 


Vep 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


VoH 


74F 10% Voc 
74F 5% Veco 
74F 5% Voc 


Output LOW 
Voltage 


| InputHiGH Current = HIGH Current 


54F 10% Voc 
74F 10% rEg 


Ne 
lozH 
loz 
los 
loex 


I2zz 
Iccz 


Power Supply Current 


wa ep me | 


Input HIGH Voltage 
Input LOW Voltage ee ea 
Input Clamp Diode Voltage ee 





0.5 
oe eel 5 
Input HIGH Current 
Breakdown Test 


a eae ea Ie 
ot eee ae mar a ms 
-uteuibengeCuret__| _=so_} oA | Me | 


| mA 

ie SETS 

| BusDrainage Test | 800 ||. 
| ss | ma 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°c to +70°C 


+ 4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —3mA 
lon = —1mA 
lon = —3mA 
lon = —1mA 

= —-3mA 


lo. = 20mA 
lot = 24mA 


= 2.7V 
= 7.0V 


= 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Voc 
Vout = Vcc 
Vo = HIGH Z 
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AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
Dp to On 


Propagation Delay 
LE to Op, 


Propagation Delay 
PRE to Op, 


Propagation Delay 
CLR to On 


Output Enable Time 
CE toO, 


Output Disable Time 
GE to O, 


Ta = +25°C 
Vec = +5.0V 
C, = 50 pF 


3.0 


2.5 


2.5 
1.0 
1.0 
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Ta; Veco = Mil 
C, = 50 pF 


Ta, Vec = Com 
C. = 50 pF 





AC Operating Requirements: see Section 2 for Waveforms 


eee ae ee ee Zee 


Ta = +25°C 
eres = +5.0V 


Setup Time, HIGH or LOW 
D, to LE 


Hold Time, HIGH or LOW 
Dry to LE 


ao a Ee ee 
SiR Pusey .ow [| 50 
CLR Recovery Time 


Parameter Ta; Vec = Mil eS Vcc = Com 
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National © 
Semiconductor 


54F/74F968 


1 Mbit Dynamic RAM Controller 


General Description 


The 'F968 is a high performance memory controller, replac- 
ing many SSI and MSI devices by grouping several unique 
functions. It provides two 10-bit address latches and two 10- 
bit counters for row and column address generation during 
refresh. A 2-bit bank select latch for row and column ad- 
dress generation during refresh and a 2-bit bank select latch 
for the two high order address bits are provided to select 
one of the four RAS and CAS outputs. 


Ordering Code: see Section 5 
Logic Symbol 


Features 

m@ Provides control for 16K, 64K, 256K or 1 Mbit DRAM 
systems 

™ Outputs directly drive up to 88 DRAMs 

@ Chip select for easy expansion 

m Provides memory refresh with error correction mode 

m 52-pin plastic leaded chip carrier 


TL/F/9604-1 
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Connection Diagrams 


Pin Assignment 
for PCC 


ACy AR AC, AR; ACg ARgMSEL CS CAS! RAS, CAS, RAS, CAS, 
{20} (ts) (18) (17) (te) (x5) (14) (3) [12] (1) fo) [9] (8) 
BSERR RE REE Ee 
AR; [21] Q 
ACs [22] [e]a, 
AR, [23] [5] Q, 
ac, 24) Qs 
GND (ECL) [25] [3]a, 
LE [26] [2] GND (TIL) 
AR, 22] [1] OE 
AC, 28) [52] Vog (TIL) 
AR; [29] Bi] Voc (ECL) 
AC; [30} Qs 
ARs [31] (49) OQ, 
ACs [32] [48] Q7 
Qs 


AR RRA AA 
(54) (35) ($6) [37] [58] [53] 40} [4x] (42) [3] [44] (45) 8) 


ACg ARg ACgSELgSEL, MCy MC RAS! CAS3 RAS CAS, RAS» Og 
TL/F/9604-3 


Pin Assignment 
for Side Brazed DIP 


cs 


ARo 
ACy 

ARy 

AC, 

AR 

AC, 

AR; 

ACS 

AR, 

AC, 

GND (Ect) 
LE 

ARs 

ACs 

ARg 

ACg 

ARy 

ACy 

ARs 

ACg 


o vont One WY — 


TL/F/9604-2 
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968 


CASo-CAS3 


Qo-Qg 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input tin/Iie 
HIGH/LOW | Output Ion/loL 


Column Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Row Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Mode Control Inputs 1.0/1.0 20 pA/—0.6 mA 
Chip Select Input 1.0/1.0 20 pA/—0.6 mA 
Multiplexer Select Input 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input 1.0/1.0 20 pA/—0.6 mA 
Bank Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Row Address Strobe In 1.0/1.0 20 pA/—0.6 mA 
Column Address Strobe In 1.0/1.0 20 pA/—0.6 mA 
Output Enable 1.0/1.0 20 pA/—0.6 mA 
Row Address Strobe Outputs 150/1.667 | —3mA/1.0mA 


Column Address Strobe Outputs | 150/1.667 | —3mA/1.0 mA 


Address Outputs 150/1.667 ~—3 mA/1.0 mA 


Pin Description 


Name 


ARo-ARg 
ACyp-ACg 


SELo-SEL} 


LE 


1/0 


Description 


Address Inputs. ARo—ARg are latched in as the 10-bit Row Address for the RAM. These inputs drive 
Qo-Qg when the ’F968 is in the Read/Write mode and MSEL is LOW. ACp-ACg are latched in as the 
Column Address, and will drive Qg-Qg when MSEL is HIGH and the ’F968 is in the Read/Write mode. The 
addresses are latched with the Latch Enable (LE) signal. 


Bank Select. These two inputs are normally the two higher order address bits, and are used in the 
Read/Write mode to select which bank of memory will be receiving the RAS, and CAS, signals after RASI 
and CASI go HIGH. 


Latch Enable. This active-HIGH input causes the Row, Column and Bank Select latches to become 
transparent, allowing the latches to accept new input data. A LOW input on LE latches the input data, 
assuming it meets the setup and hold time requirements. 


Multiplexer Select. This input determines whether the Row or Column Address will be sent to the memory 
address inputs. When MSEL is HIGH the Column Address is selected, while the Row Address is selected 
when MSEL is LOW. The address may come from either the address latch or refresh address counter 
depending on MCo, MC}. 

Chip Select. This active-LOW input is used to enable the F968. When CS is active, the ‘F968 operates 
normally in all four modes. When CS goes HIGH, the device will not enter the Read/Write mode. This 
allows other devices to access the same memory that the ’F968 is controlling (e.g., DMA controller). 


Output Enable. This active-LOW input enables/disables the output signals. When OE is HIGH, the outputs 
of the ’F968 enter the high impedance state. The OE signal allows more than one 'F968 to control the 
same memory, thus providing an easy method to expand the memory size. 


Mode Control. These inputs are used to specify which of the four operating modes the 'F968 should be 
using. The description of the four operating modes is given in the Mode Control Function Table. 


Address Outputs. These address outputs will feed the DRAM address inputs and provide drive for 
memory systems up to 500 pF in capacitance. 


Row Address Strobe Input. During normal memory cycles, the decoded RAS, output (RASp, RAS4, 
RASo or RAS3) is forced LOW after receipt of RASI. In either refresh mode, all four RAS, outputs will go 
LOW following RASI going HIGH. 


Row Address Strobe. Each one of the Row Address Strobe outputs provides a RAS, signal to one of the 
four banks of dynamic memory. Each will go LOW only when selected by SELg and SEL and only after 
RASI goes HIGH. All four go LOW in response to RAS in either of the Refresh modes. 


Column Address Strobe Input. This input going active will cause the selected CAS, output to be forced 
LOW. 


Column Address Strobe. During normal Read/Write cycles the two select bits (SELp, SEL;) determine 
which CAS, output will go active following CASI going HIGH. When memory error correction is performed, 
only the CAS, signal selected by CNTRo and CNTR; will be active. For non-error correction cycles, all four 
CAS, outputs remain HIGH. 
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Functional Description 


The 74F968 is a 1 Mbit DRAM controller which is functional- 
ly equivalent to AMD's Am29368. The 74F968 provides 
row/column address multiplexing, refresh address genera- 
tion and bank selection for up to four banks of RAMs. 

Twenty-two (22) address bits (ARg—-ARg, ACg-ACg and 
bank select addresses SELo and SEL) are presented to 
the controller. These addresses are latched by a 22-bit 
latch. A 22-bit counter generates the refresh address. 


A 10-bit multiplexer selects the output address between the 
input row address, column address, refresh counter row ad- 
dress, column address, or zero (clear), Four RAS and four 
CAS outputs select the appropriate bank of RAMs and 
strobe in the row and column addresses. 

It should be noted that the counters are cleared (MCo, MC, 
= 1, 1) on the next RASI transition, but the Q outputs are 
asynchronously cleared through the multiplexer. 


Mode Control Function Table 


MC, 


Operating Mode 


Refresh without Error Correctlon— Refresh cycles are performed with only the Row Counter being 
used to generate addresses. In this mode, all four RAS, outputs are active while the four CAS, signals 


are kept HIGH. 


Refresh with Error Correction/Initiallze— During this mode, refresh cycles are done with both the 
Row and Column counters generating the addresses. MSEL is used to select between the Row and 
Column counter. All four RAS, outputs go active in response to RASI, while only one CAS, output goes 
LOW in response to CASI. The Bank Counter keeps track of which CAS, output will go active. This 
mode of operation is possible when supported by an error detection/correction circuit such as the 


F632. 


Read/Write— This mode is used to perform Read/Write cycles. Both the Row and Column addresses 


are latched and multiplexed to the address output lines using MSEL; SELp and SEL, are decoded to 
determine which RAS, and CAS, will be active. 
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Clear Refresh Counter— This mode will clear the three refresh counters (Row, Column and Bank) on 
the HIGH-to-LOW transition of RASI, putting them at the start of the refresh sequence. In this mode, all 
four RAS, outputs are driven LOW upon receipt of RASI so that DRAM wake-up cycles are performed. 


This mode also asynchronously clears the Q, outputs. 


HIGH Voltage Level 
LOW Voltage Level 


Address Output Function Table 


Refresh without Error Correction 


Refresh with Error Correction 
Read/Write 


Clear Refresh Counter 
Refresh without Error Correction 


Refresh with Error Correction 


Read/Write 
Clear Refresh Counter 


Meo} set | _Mode_ 
ee ee ae 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 


H = 
L= 
X= 
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MUX Output 
Row Counter Address 
Column Counter Address 
Row Counter Address 
Column Address Latch 
Row Address Latch 
Zero 
Row Counter Address 
Column Counter Address 
Row Counter Address 
Zero 
Zero 
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RAS Output Function Table 


|S | mci | Mco | set; | seto | Mode | RAS | RAS, | RAS. | 

Px {x [x | x | x | nonmeresn | Kk TH | 

pt | tL | x | x | Retteshwithouterrororrection | tc | L | t | 
fel te 

| to] 4 | Read/Write 


x< 

- iz 
crit 
Looe ee Os 


x< 


L 


rc 


es a 


“fe 
A 


r- 
r- 
eae (oo 


Clear Refresh Counter 


[oie 
| Retreshwithout ErrorCorrection | t_ [| tL | iL _ 
H | Retreshwith ErorGorection | L | ob |b 

| Read/write | OH | OH | OH | 
a ae | GlearRetresnCounter | ot | ok | ot | 


CAS Output Function Table 


Inputs |_InternalGounter_ | inputs Outputs 
casi | GS | mc; | mco | onta: | cNTRo | sel: | Seto | GAS) | GAS: | CAS: | 


~ {xfer 
rl/xolere 
[ood (oe OO 


H 


H 
H 
H 
H 
L 
H 
H 
H 
ig 
H 
H 
H 
H 
H 
L 


: 


H 
L 
Fie a (ees (a 
H 
H 
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2 


CAS3 


= 


= 





Block Diagram 


CONTROL 
LOGIC 


COLUMN 
LATCH 


| 


Memory Cycle Timing 

The relationship between the ‘F968 specifications and sys- 
tem timing requirements is shown in Figures 1-6. T1, T2 
and T3 represent the minimum timing requirements at the 
‘F968 inputs to guarantee that the RAM timing requirements 
are met and that maximum system performance is 
achieved. 


RASo = RASs 


CNTRy 
CNTR, 


BANK 
COUNTER 


CASy ~ CAS; 


RAS 
4 

: CAS 
4 


COLUMN 
COUNTER 


MULTIPLEXER 


ROW 
COUNTER 


eee | 
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TL/F/9604-4 


The minimum requirement for T1, T2 and T3 are as follows: 
Ti Min = tasrn + tskew 
T2 Min = tray + tekew 
T3 Min = T2 + tskew + tasc. 


See RAM data sheet for applicable values for tray, tasc 
and tasr. 
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Memory Cycle Timing (continued) 
ND 006 CLECSSAICD 0000000 CHCA), 
eo. \ f[-_ 


MEMORY CYCLE TIMING 


RASI/CAS! PULSE WIDTHS 


RASI/CASI \ / . 


TL/F/9604-5 
FIGURE 1. Dynamic Memory Controller Timing 


ARn, ACn x ° 


PXOXXX COLUMN ADDRESS VALID 


XXX ——_— y 


SAN: 


Qn 


CASn 


TL/F/9604-6 
Note A: Guaranteed maximum difference between fastest RAS! to RAS, delay and the slowest Ap, to Qn delay on any single device. 
Note B: Guaranteed maximum difference between fastest MSEL to Q,, delay and the slowest RASI to RAS, delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to CAS, delay and the slowest MSEL to Q, delay on any single device. 


FIGURE 2. Specifications Applicable to Memory Cycle Timing (MC, = 1,0) 
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Memory Cycle Timing (continued) 


ARn, ACn 


YVVVY 
an =| XX XX ROW REFRESH ADDRESS COLUMN REFRESH ADDRESS 


; ar: 


TL/F/9604-7 
FIGURE 3. Desired System Timing 


Refresh Cycle Timing 


VY 
XXX 2k COLUMN REFRESH ADDRESS VALID 


TL/F/9604-8 
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RASI to RAS, delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to CAS, delay and the slowest MSEL to Q, delay on any single device. 
Note D: Guaranteed maximum difference between fastest RASI to RAS, delay and the slowest MC, to Q, delay on any single device. 


FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MC, = 00,01) 
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Refresh Cycle Timing (Continueg) 


MCn yf MCn = 01 
Qn XXX} ROW REFRESH ADDRESS VALID OXXXX SE ORAM RETRESH 


tasc 


WAS 


TL/F/9604~9 
FIGURE 5. Designed Timing—Refresh with Error Correction 


MCn x MCn =00 


Qn 


RAS! 


tasr 
RASn 


TL/F/9604-10 


FIGURE 6. Desired Timing—Refresh without Error Correction 





4-606 


Absolute Maximum Ratings (Note 1) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
3-State Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


-0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 


Vi 
Vit 


Veb 


Output HIGH 
Voltage 


54F 10% Vcc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


VoH 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 

Input LOW Current 


Output Leakage Current 
Output Leakage Current 


Ne 
loZH 
lozt 
los 
ICEX 


I2z 

IocH 
loci 
Icez 


Min Typ Max 
(BO a at 
| tw | 

2.5 





0.8 
Output Short-Circuit Current | 60-150 | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Ve Conditions 


QO 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


lon = —1mA 
lon = —3mMA 
lon = —1mA 
lon = —3mMA 
loo = —1mMA 
lon = —3mA 


Vv 


lol = 1.0mA 
lol = 12 mA 
lo. = 1.0mA 
lo. = 12 mA 
VIN = 2.7V 


VIN = 7.0V 


» 
x 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Voc 


0.0V Vout = Vcc 
Vo = HIGH 
Vo = LOW 


Vo = HIGHZ 


pA 
pA 
mA 
pA 
pA 
mA 
pA 
pA 
mA 
mA 
mA 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


74F 


Ta = +25°C 
Symbol Parameter Vec = + 5.0V = a 
C, = 50 pF C, = 500 pF 


Min Typ Max | Min Max | Min Typ Max 


teLH Propagation Delay 3.0 7.0 11.0 2.5 12.0 19.0 
tpHL AR to Qn 3.0 7.0 11.0 2.5 12.0 22.0 


tPLH Propagation Delay 3.0 7.0 11.0 2.5 12.0 
tpHL AC to Q, 3.0 7.0 11.0 2.5 12.0 


tpLy Propagation Delay 3.5 8.0 12.0 3.0 13.0 
tPHL RASI to RAS, 3.5 7.0 12.0 3.0 13.0 


tPLH Propagation Delay 1.0 6.0 8.0 1.0 8.5 
tepHL CASI to CAS, 1.0 4.0 8.0 1.0 8.5 


tpLH Propagation Delay 3.0 9.0 13.0 2.5 14.0 
tpHL MSEL to Q, 3.0 8.0 13.0 2.5 14.0 


{PLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 
tpHL MC, to Q, 4.0 9.0 15.0 3.5 16.0 


teLH Propagation Delay 3.5 11.0 17.5 3.0 18.5 
tpHL MC, to RAS, 3.5 8.0 17.5 3.0 18.5 : 


teLH Propagation Delay 4.0 8.0 12.5 3.5 13.5 23.0 
teHL MC, to CASp, 4.0 9.0 12.5 3.5 13.5 21.0 

teLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 25.0 

tpHL LE to RAS, 4.0 9.0 15.0 3.5 16.0 24.0 

tPLH Propagation Delay 5.0 9.0 13.5 4.5 14.5 

tpHL LE to CAS, 5.0 9.0 13.5 4.5 14.5 

tpLH Propagation Delay 3.5 8.0 12.0 3.0 13.0 


teHL LE to Q, 3.5 7.0 12.0 3.0 13.0 


teLH Propagation Delay 3.0 10.0 14.5 3.0 15.5 
tPpHL CS to Q, 3.0 8.0 14.5 3.0 15.5 


tpLH Propagation Delay 3.5 8.0 13.0 3.0 14.0 
tpHL CS to RAS, 3.5 8.0 13.0 3.0 14.0 


teLH Propagation Delay 4.0 8.0 411.5 3.5 12.5 
tepHL CS to CAS, 4.0 8.0 11.5 3.5 12.5 


teLH Propagation Delay 4.0 9.0 15.5 3.5 16.0 
tpHL SEL, to RAS, 4.0 8.0 15.5 3.5 16.0 


tpLH Propagation Delay 4.5 9.0 14.5 4.0 15.5 
tpHL SEL, to CAS, 4.5 9.0 14.5 4.0 15.5 


“These values are given for typical derivative with a 500 pF load; these are not guaranteed specifications. 


Ta, Vcc = Com 





yono{[ynwinnw]==—/[mMmin a 
PPI AIR RIN OIOW!N © 
Colo 0{VDO/GCOl/cOf{o oO 
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AC Electrical Characteristics (Continued): See Section 2 for Waveforms and Load Configurations 


Ta = +25°C 7 
Parameter Vec = +5.0V Tee = ca 
C. = 50 pF eee 


Typ Max | Min Max _| 


Output Disable Time 5.0 9.5 1.0 10.0 
OE to Q, 4.0 9.5 1.0 10.0 


Output Enable Time Ae) 5.0 9.5 1.0 10.0 
OE to Qn 6.0 9.5 1.0 10.0 


Output Disable Time 5.0 9.5 1.0 10.0 
OE to RAS, 4.0 9.5 1.0 10.0 


Output Enable Time 5.0 9.5 1.0 10.0 
OE to RAS, : 6.0 9.5 1.0 10.0 


Output Disable Time 5.0 9.5 1.0 10.0 
OE to CAS, 4.0 9.5 1.0 10.0 


Output Enable Time 5.0 9.5 1.0 10.0 
OE to CAS, 6.0 9.5 1.0 10.0 


AC Operating ———_§_ See Section 2 for Waveforms 


——. —*. —_.. — = +25°C 


P 
arameter te = +5.0V 


a Vec = Com 


Setup Time, HIGH or LOW 
An to LE 


Hold Time, HIGH or LOW 
An to LE 


Setun Time, HIGH or LOW 
SEL to LE 


Hold Time, HIGH or LOW 
SEL to LE 


Pulse Width, HIGH or LOW 
CTASn, RAS, 


Qn to CASp, RAS, 
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978 


National | 
Semiconductor 


54F/74F978 


ADVANCED INFORMATION 


Octal Flip-Flop with Serial Scanner 


General Description 


The ’F978 is a high speed low power octal flip-flop with a 
buffered Data Clock (DCLK), Test Clock (TCLk), and a buff- 
ered Output Enable (OEN). Serial diagnostics are performed 
with on-board multiplexers. 


Features 

m Edge-triggered D-type registers 

m On-line and off-line system diagnostics with indepen- 
dent test clock 


Logic Symbol 


Do Dy Dz Ds Dy Os Dg 07 


DE 
$D0 0p 0; 02 03 04 Os Og 07 





TL/F/9605-1 


oOn owner wore = 


—_-_—=_ 
n= oO 


Pin Assignment 
for 24-Pin DIP/SOIC 


m Inputs and outputs on opposite sides of package allow- 
ing easy interface with microprocessors 

mg RAM write-back for writable control store 

w Useful as input or output port for microprocessors 

m Cascadable for wide control words as used in 
microprogramming 


Connection Diagrams 


Pin Assignment 
for 28-Pin LCC/PLCC 
D7 Dg Ds Dy Ds Dy Dy 
7 fo (2) cy] 

BEB ERE EH 





LJ 
iS) 2d (2) 22 G3 24 BS 
Og O5 04 Os Op 04 Oy 
TL/F/9605-3 


TL/F/9605-2 
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National — 
Semiconductor 


29F52°29F53 
8-Bit Registered Transceiver 


General Description 


The 29F52 and 29F53 are 8-bit registered transceivers. Two 
8-bit back to back registers store data flowing in both direc- 
tions between two bidirectional buses. Separate clock, 
clock enable and TRI-STATE® output enable signals are 
provided for each register. The Ag-A7 output pins are guar- 
anteed to sink 24 mA (20 mA mil.) while the Bg-B7 output 
pins are designed for 64 mA. 


The 29F53 is an inverting option of the 29F52. Both trans- 
ceivers are AMD Am2952/2953 functional equivalents. 


Ordering Code: see Sections 


Logic Symbols 


29F52 


Ay Ay Ag Az Ag Ag Ag Ay 


By By By By By Bs Bg By 
TL/F/9606-1 


IEEE/IEC 
29F52 


Vi135 2,4,6V7 


TL/F/9606-4 


Features 
m 8-bit registered transceivers 


m Separate clock, clock enable and TRI-STATE output 
enable provided for each register 


m AMD Am2952/2953 functional equivalents 
m Both inverting and non-inverting options available 
mg 24-Pin slimline package 


Ap Ay Az Ag Ag Ag Ag Az 


EA 


TL/F/9606~7 


IEEE/IEC 
29F53 


TL/F/9606-5 
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€5462002S462 





29F52¢29F53 


Connection Diagrams (Ccontinueg 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for DIP, SOIC and Flatpak 
29F52 29F53 


oMOnt One wrpe 
oan oor WwW DH 


=—_— 
ny =—-= Oo 
—_— 
non - oOo 


TL/F/9606-2 TL/F/9606-8 


Pin Assignment Pin Assignment 
for LCC and PCC for LCC and PCC 
29F52 


OEB By B, NC By Bz By 
HOA) 


2 2]) E27 B3 24 BS 
Ag Ay Az NC Az Ay As 
TL/F/9606-3 TL/F/9606-9 


Unit Loading/Fan Out: see SY ae 2 for U.L. definitions 


[ arvar sid 
Description ULL. Input ta/ie 
HIGH/LOW Output lon/loL 


A-Register Inputs/ 3.5/1.083 70 »A/0.65 mA 
B-Register TRI-STATE Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 
B Register Inputs/ 3.5/1.083 70 »A/0.65 mA 
A-Register TRI-STATE Outputs | 600/106.6 (80) | —12mA/64 mA (48 mA) 
Output Enable A-Register 1.0/1.0 20 pA/—0.6 mA 
A-Register Clock 1.0/1.0 20 pA/—0.6 mA 
A-Register Clock Enable 1.0/1.0 20 pA/—0.6 mA 
Output Enable B-Register 1.0/1.0 20 pA/—0.6 mA 
B-Register Clock 1.0/1.0 20 pA/—0.6 mA 
B-Register Clock Enable 1.0/1.0 20 pA/—0.6 mA 
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Block Diagrams 


€54620cS4A62 


Register A 


ri 


Register B 


ea 
Tas 
Hae 


TI 


TL/F/9606-6 
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29F52°29F53 


Block Diagrams (continueg) 


Register 8 


Output Control! 


[este 

C_| 2erse | 29rss | 

pH] x | 2 |Z _| disable outputs | 
H L 


Enable Outputs 


X 
L L 
L H 


= HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = HIGH Impedance 
SY = LOW-to-HIGH Transition 
NC = No Change 
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Register Function Table (Applies to A or B Register) 


N Hold Data 


C 
fe L L Load Data 
fe L H 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 


Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
Note 1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 

































Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military — 58°C to + 125°C 
Commercial! 0°C to + 70°C 
Supply Voltage 
Military +4,5V to +5.5V 
Commercial + 4.5V to +5.5V 


Symbol S4F/74F Voc Conditions 
Min Typ Max 
Vin Input HIGH Voltage | 20 | v_ |_| Recognized as a HIGH Signal 
VIL Input LOW Voltage ee ee ae Recognized as a LOW Signal 
Vop Input Clamp Diode Voltage Psi fv L Min |i = —18 mA (Non 1/0 Pins) 
VoH Output HIGH 54F 10% Voc 2.5 lon = —1mA (A,) 
Voltage 54F 10% Voc lon = —3mMA (An, Bn) 
54F 10% Vcc loH = —12 mA (By) 
74F 10% Voc loo = —1 mA (Ap) 
74F 10% Voc Vv loH = —3mMA (An, Br) 
74F 10% Voc lod = —12 mA (Bp) 
74F 5% Voc lon = —1 mA (Ap) 
74F 5% Voc lo = —3MA (An, Bp) 
74F 5% Voc loH = —15 MA (Bp) 
VoL Output LOW 54F 10% Voc lo. = 20 mA (Ap) 
Voltage 54F 10% Voc lo. = 48 mA (By) 
74F 10% Voc lo. = 24 mA (An) 
74F 10% Voc lo. = 64 mA (B,) 
NH Input HIGH Current P20 || Max | Vin = 2.7V (Non-I/0 Pins) 
IBvi Input HIGH Current 100 A Vin = 7.0V (Non-I/O Pins) 
Breakdown Test h 
IBviT Input HIGH Current nik Vin = 5.5V (An, Br) 
Breakdovn Test (I/O) 
mM Input LOW Current P06 | mA | Vin = 0.5V (Non-I/O Pins) 


hu + lozy_| Output Leakage Current p70 | Max 
ln + loz,_|_ Output Leakage Current p= 650 | A | Max | 


los 


Output Short-Circuit Current 


— 100 


OutputHIGH Leakage Current | 250 | A | Max | 


Vout = 2.7V (An, Bn) 
Vout = 0.5V (An, Bn) 


Vout = OV (An) 


—225 Vout = OV (Bn) 


IcEx Vout = Vcc (An: Bn) 
Izz | BusDrainageTest ss ss | SS 800—*|_ A | 0.0V | Vour = Vcc (An Bn) 
icon | Power Supplycurent | _190__160_| _ma_| wax | Vo ~AiGh 

lect. | PowerSupplyCurrent ss | —s190_= |S mA_| Max | Vo = LOW 

coe | Power Supply Curent | 100 | ma | Max | Vo=HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C._ = 50 pF 


Ta; Vec = Mil 
C, = 50 pF 


me = +25°C 


Parameter Paes = +5.0V 


Tas Vec = Mil 


Setup Time, HIGH or LOW 
An or By to CPA or CPB 


Hold Time, HIGH or LOW 


Ay or By, to CPA or CPB 


Setup Time, HIGH or LOW 
CEA or CEB to CPA or CPB 


Hold Time, HIGH or LOW 
CEA or CEB to CPA or CPB 
Pulse Width, HIGH or LOW 
CPA or CPB 
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National 
Semiconductor 


29F68 
Dynamic RAM Controller 


General Description 


The 29F68 is a high-performance memory controller, re- 
placing many SSI and MSI devices by grouping several 
unique functions. It provides two 9-bit address latches and 
two 9-bit counters for row and column address generation 
during refresh. A 2-bit bank select latch for row and column 
address generation during refresh, and a 2-bit bank select 
latch for the two high order address bits are provided to 
select one of the four RAS and CAS outputs. 


The 29F68 is functionally equivalent to AMD’s Am2968 and 
Motorola’s MC74F2968. 


Ordering Code: see Section 5 


Logic Symbol 


ACg - ACg 


TL/F/9608-1 
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Features 


@ High-performance memory controller 

m Replaces many SSI and MSI devices by grouping 
several unique functions 

g Functionally equivalent to AMD’s Am2968 and 
Motorola’s MC74F2968 
Provides control for 16K, 64K, or 256K dynamic RAM 
systems 
Outputs directly drive up to 88 DRAMs 
Highest order two address bits select one of four banks 
of RAMs 
Chip Select for easy expansion 
Provides memory refresh with error correction mode 


Connection Diagram 


Pin Assignment for LCC and PCC 
AR7ACg ARg ACs ARs LE GND ACy AR4 AC3 ARs AC> AR> 
29) (ts) (8) 7) 08) 03) £4 63 2) Co (3) BB) 


AC, 
ARg 
ACs 
SEly Ga 
SEL, 
MC, 
MCy 
RASI 
CAS; 
RAS 
CAS, 6 
NC [32] 
RAS, B3 


(54) (55) (56) (57) (36) (33) Go) [) (42) (a3) a (45) [28] 
Qs Q7 Og Os VogVog OF GND Q, 3 Qy OQ, NC 
TL/F/9608-2 


4-617 





29F68 


Pin Description 


Name Description 


ARo-ARg 
ACo-ACg 


Address Inputs. ARg—ARg are latched in as the 9-bit Row Address for 
the RAM. These inputs drive Q9g—Qg when the 29F68 is in the Read/ 
Write mode and MSEL is LOW. ACp-ACg are latched in as the Column 
Address, and will drive QgQ-Qg when MSEL is HIGH and the 29F68 is in 
the Read/Write mode. The addresses are latched with the Latch 
Enable (LE) signal. 


Bank Select. These two inputs are normally the two higher order 
address bits, and are used in the Read/Write mode to select which 
bank of memory will be receiving the RAS, and CAS, signals after 
RASI and CASI go HIGH. 


Latch Enable. This active-HIGH input causes the Row, Column and 
Bank Select latches to become transparent, allowing the latches to 
accept new input data. A LOW input on LE latches the input data, 
assuming it meets the setup and hold time requirements. 


SELo-SEL, 


Multiplexer Select. This input determines whether the Row or Column 
Address will be sent to the memory address inputs. When MSEL is 
HIGH the Column Address is selected, while the Row Address is 
selected when MSEL is LOW. The address may come from either the 
address latch or refresh address counter depending on MCo, MC}. 


Chip Select. This active-LOW input is used to enable the 29F68. When 
CS is active, the 29F68 operates normally in all four modes. When CS 
goes HIGH, the device will not enter the Read/Write mode. This allows 
other devices to access the same memory that the 29F68 is controlling 
(e.g., DMA controller). 


Output Enable. This active-LOW input enables/disables the output 
signals. When OE is HIGH, the outputs of the 29F68 enter the high 
impedance state. The OE signal allows more than one 29F68 to control 
the same memory, thus providing an easy method to expand the 
memory size. 


Mode Control. These inputs are used to specify which of the four 
operating modes the 29F68 should be using. The description of the 
four operating modes is given in the Mode Control Function Table. 


Address Outputs. These address outputs will feed the DRAM address 
inputs and provide drive for memory systems up to 500 pF in 
capacitance. 


Row Address Strobe Input. During normal memory cycles, the 
decoded RAS,, output (RASp, RAS;, RAS2 or RASs) is forced LOW 
after receipt of RASI. In either refresh mode, all four RAS, outputs will 
go LOW following RASI going HIGH. 


Row Address Strobe. Each one of the Row Address Strobe outputs 
provides a RAS, signal to one of the four banks of dynamic memory. 
Each will go LOW only when selected by SELp and SEL, and only after 
RASI goes HIGH. All four go LOW in response to RASI in either of the 
Refresh modes. 


RAS9-RAS3 


Column Address Strobe Input. This input going active will cause the 
selected CAS, output to be forced LOW. 


Column Address Strobe. During normal Read/Write cycles the two 
select bits (SEL, SEL1) determine which CAS, output will go active 
following CASI going HIGH. When memory error correction is 
performed, only the CAS, signal selected by CNTRg and CNTR, will be 
active. For non-error correction cycles, all four CAS, outputs remain 
HIGH. 
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Functional Description 


The 29F68 is designed to be used with 16k, 64k, or 256k 
dynamic RAMs and is functionally equivalent to AMD’s 
AM2968. The 29F68 provides row/column address multi- 
plexing, refresh address generation and bank selection for 
up to four banks of RAMs. 

Twenty (20) address bits (ARg—ARg, ACo—ACg, and bank 
select addresses SELp and SEL) are presented to the con- 
troller. These addresses are latched by a 20-bit latch. A 20- 
bit counter generates the refresh address. 


A 9-bit multiplexer selects the output address between the 
input row address, column address, refresh counter row ad- 
dress, column address, or zero (clear). Four RAS and four 
CAS outputs select the appropriate bank of RAMs and 
strobe in the row and column addresses, 

It should be noted that the counters are cleared (MCo, 
MC, = 1,1) on the next RASI transition, but the Q outputs 
are asynchronously cleared through the multiplexer. 


Mode Control Function Table 


MC 
0 


HIGH. 


Operating Mode 


Refresh without Error Correction. Refresh cycles are performed with 
only the Row Counter being used to generate addresses. In this mode, 
all four RAS, outputs are active while the four CAS, signals are kept 


Refresh with Error Correction/Initialize—During this mode, refresh 
cycles are done with both the Row and Column counters generating 
the addresses. MSEL is used to select between the Row and Column 
counter. All four RAS, outputs go active in response to RASI, while 
only one CAS, output goes LOW in response to CASI. The Bank 
Counter keeps track of which CAS,, output will go active. This mode is 
also used on system power-up so that the memory can be written with 
a known data pattern. 


Read/Write— This mode is used to perform Read/Write cycles. Both 
the Row and Column addresses are latched and multiplexed to the 
address output lines using MSEL; SELg and SEL, are decoded to 
determine which RAS, and CAS, will be active. 


Clear Refresh Counter—This mode will clear the three refresh 
counters (Row, Column, and Bank) on the HIGH-to-LOW transition of 
RASI, putting them at the start of the refresh sequence. In this mode, 
all four RAS, are driven LOW upon receipt of RASI so that DRAM 
wake-up cycles may be performed. This mode also asynchronously 
clears the Q, outputs. 


Address Output Function Table 


MSEL 


Xx Refresh without Error Correction 


Refresh with Error Correction 


Read/Write 


Clear Refresh Counter 


Refresh without Error Correction 


Refresh with Error Correction 


Read/Write 
Clear Refresh Counter 
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MUX Output 
Row Counter Address 
Column Counter Address 
Row Counter Address 
Column Address Latch 
Row Address Latch 
Zero 
Row Counter Address 
Column Counter Address 
Row Counter Address 
Zero 


Zero 
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29F68 


S Output Function Table 


sip | Mode 


Non-refresh 


Refresh without Scrubbing 
Refresh with Scrubbing 


Read/Write 


oO 
Clear Refresh Counter 
Refresh without Error Correction 


Refresh with Error Correction 


Read/Write 


Clear Refresh Counter 


CAS Output Function Table 


Inputs |__InternalGounter___| Inputs 
casi | GS | mc; | Mco | conta: | cNTRo | SEL: | Seto 
H | ob x_| x 

L x 
i aaa 
a er 

H 


H 


iz 
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> 
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x ee Oe ee SN Oe eS We OO Oe Oe Oe 





Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description U.L. Input hy/tie 
HIGH/LOW | Output Ion/lot 


ACg—-ACg Column Address 1.0/1.0 20 pA/—-0.6 mA 

ARg-ARg Row Address 1.0/1.0 20 pA/—0.6 mA 
Address Outputs 50/33.3 —1mA/20 mA 
Memory Cycle 1.0/1.0 20 pA/—0.6 mA 
Chip Select Input 1.0/1.0 | 20 pA/—0.6 mA 
Multiplexer Select Input 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input 1.0/1.0 20 pA/—0.6 mA 
Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Row Address Strobe In 1.0/1.0 20 pA/—0.6 mA 
Column Address Strobe In 1.0/1.0 20 pA/—0.6 mA 
Row Address Stobe Outputs 50/33.3 —1mA/20 mA 
Column Address Strobe Outputs 50/33.3 —1mA/20 mA 
Output Enable 1.0/1.0 20 pA/—0.6 mA 
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Block Diagram 


__ ADDRESS ADDRESS = 
RASI ACy= ACg ARg— ARg MSEL CS 


LATCH LATCH 
(BANK) (MSB) (LsB) 
Q Q 


COLUMN ROW 
COUNTER COUNTER 


Q 
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Timing Waveforms 
QO OKO » 


MEMORY CYCLE TIMING 


RASI/CASI PULSE WIDTHS 


RASI/CASI \ / \ 


TL/F/9608-4 
FIGURE 1. Dynamic Memory Controller Timing 


ARn, ACn 4 


Qn ROW ADDRESS VALID CXOXXX Me COLUMN ADORESS VALID 


XXXXR___ROW ADDRESS VALID} 
Pe 


SWANN: 


CASI 


CASn 


: TL/F/9608-5 
Note A: Guaranteed maximum difference between fastest RASI to RAS, delay and the slowest A, to Qn delay on any single device. 
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RASI to RAS, delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to CAS, delay and the slowest MSEL to Q, delay on any single device. 


FIGURE 2. Specifications Applicable to Memory Cycle Timing (MC, = 1,0) 
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Timing Waveforms (continued) 
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ARn, ACn 


V/V/ \/ 
oe ROW REFRESH ADDRESS COLUMN REFRESH ADDRESS 


Ty 


ee 


ania 


TL/F/9608-6 
FIGURE 3. Desired System Timing 


Refresh Cycle Timing 


re eee 
Qn XXX XK ROW REFRESH ADDRESS VALID XXX COLUMN ADDRESS VALID 
ead 


SAAN 


TL/F/9608-7 
FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MC, = 00,01) 
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RASI to RAS, delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to CAS, delay and the slowest MSEL to Q, delay on any single device. 
Note D: Guaranteed maximum difference between fastest RASI to RAS, delay and the slowest MC, to Q, delay on any single device. 
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Refresh Cycle Timing (continued) 


MCh x. MCn =01 
an XXIOK_Row RerResh aporess valo___ XXX _ EAR 


tase 


ima a 


NN. 


tase 


WO 


TL/F/9608-8 
FIGURE 5. Designed Timing—Refresh with Error Correction 


MCn 4 MCn = 00 


Qn 


RAS| 


tASR 
RASn 


TL/F/9608~9 


FIGURE 6. Desired Timing—Refresh without Error Correction 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


~—0.5V to +7.0V 
—0.5V to +7.0V 
-—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Min Typ Max 
2.5 


VIH 
Vit 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Vcp 
VOH 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 
Ne Input LOW Current 


!oZH Output Leakage Current 
Output Leakage Current 


Output HIGH Leakage Current 


loz 
los 
IcEX 
I2z 
loc 
IocL 


Iocz 





Bus Drainage Test eee 


Power Supply Current | 300 |v | Max | 
Power Supply Current p00 | mv | Max | 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to +70°C 


+ 4.5V to +5.5V 
+ 4.5V to + 5.5V 


Vcc Conditions 


Recognized as a LOW Signal 
In = —18mA 


lon = —1mMA 
loo = —3mA 
lon = —1mA 
lon = —3mA 
lon = —1mA 
log = —3mA 


Vv 
Vv 
V 


lo, = 1.0mA 
lo. = 12.0 mA 
lo. = 1.0mA 
lo. = 12.0 mA 
Vin = 2.7V 


Vin = 7.0V 


= 
> 


Vin = 0.5V 
Vout = 2.7V 
VouT = 0.5V 
Vout = OV 


=e /E 
> | > 


= 
> 


Vout = Vcc 


= 
> 
° 
< 


Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


mA 





Recognized as a HIGH Signal 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
rao = 50 pF 


Ta, Vcc = Mil Ta, Voc = Com 
SS = 50 pF —_— = 500 pF 


Propagation Delay aie Ae) 
AR to Qp, 11.0 


Propagation Delay : : 11.0 
AC to Qn 11.0 


Propagation Delay 3.5 12.0 
RASI to RAS; 3.5 12.0 


Propagation Delay 
CASI to CAS; 


Propagation Delay 3.0 13.0 
MSEL to Q, 3.0 13.0 


Propagation Delay 4.0 15.0 
MC, to Qn 4.0 15.0 


Propagation Delay 3.5 17.5 
MC, to RAS, 3.5 17.5 


Propagation Delay 12.5 
MC, to CAS, 12.5 


Propagation Delay 4.0 15.0 
LE to RAS, 15.0 


Propagation Delay 13.5 
LE to CAS, 13.5 


Propagation Delay 12.0 
LE to Qn 12.0 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Military 29F Commercial 29F 


Ta = +25°C 
Parameter Vcc = +5.0V 
Cy = 50 pF 


89462 


Tas Vec = Mil 
C. = 50 pF 


Output Disable Time 1.0 9.5 1.0 10.0 
OE toQ, 1.0 9.5 1.0 10.0 


Output Disable Time 1.0 9.5 1.0 10.0 
OE to Qn 1.0 9.5 1.0 10.0 


Output Disable Time 1.0 9.5 1.0 10.0 
OE to RAS, 1.0 9.5 1.0 10.0 


Output Disable Time 1.0 9.5 1.0 10.0 
OE to RAS, 1.0 9.5 1.0 10.0 


Output Disable Time i 9.5 1.0 10.0 
OE to CAS, 9.5 1.0 10.0 
Output Enable Time 9.5 1.0 10.0 
OE to CAS, 9.5 1.0 10.0 
Pulse Width, HIGH or LOW 15.0 15.0 
CASnp, RASA 15.0 15.0 
Gece S00 ee Sal Iya 


Qn to CASn, RASp 


AC Operating Requirements: see Section 2 for Waveforms 


| oor Military 29F Commercial 29F 


Ta = +25°C 


Parameter feos 280 +5.0V 


Ta; Vcc = Mil Ta, Vec = Com 


Setup Time, HIGH or LOW 
Ap to LE 


Hold Time, HIGH or LOW 
An to LE 


Setup Time, HIGH or LOW 
SEL to LE 

Hold Time, HIGH or LOW 
SEL to LE 
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29F524 e 29F525 


ADVANCED INFORMATION 


Dual 7- and 8-Deep Pipeline Registers 


General Description 


The 29F 524/525 are 8-bit wide, 14- and 16-word deep pipe- 
line registers with TRI-STATE® outputs. The registers are 
organized as two 7- or 8-byte shift registers. A single clock 
is provided and operation of the shift registers is under mi- 
croprogram control. 

In the 29F524, the shift registers are 7 deep. All fourteen 
registers are available at the output. The input data is fed 
directly to the output or an all-zero byte. 

The shift registers are 8 deep in the 29F525. Any of the 
sixteen registers may be cascaded to from a single 14- or 
16-byte-long pipeline register. 


Logic Symbol 


29F525 


Do Dy Dy Ds Dy Og Dg 07 


OE 0 0; 0, O3 04 Os Og 07 


oan oaerwaibds ~~ 


TL/F/9611-11 


Pin Assignment 
for DIP/SOIC 
29F525 


Features 

m™ 29F524—Dual 7-deep or single 14-deep (with feed- 
through and 0) registers 

m 29F525—Dual 8-deep or single 16-deep registers 

m Allows saving addresses within its registers for use ata 
later time 

@ Hold, or shift and load instructions 

@ Number of delay cycles can be changed by the user 
without interrupting the data flow 

u All registers available at TRI-STATE output 

m@ Functionally and pin compatible to AMD 
Am29524/Am29525 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 
29F525 
AECL), 
Ht 2) 6) ) 
et bed 


0 
(Go i oe BS a 
04 OEGNDV og 03 02 0, 
(TmL)’ 
: TL/F/9611-2 


TL/F/9611-1 
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Section 5 
Ordering Information/ 
Physical Dimensions 
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Ordering Information 


The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


74F XXX P C QR 


Special Variations 
emperature Range Family QR =Commercial grade 
74F = Commercial device with burn-in 
54F = Military QB=Military grade 
29F =Commerclal or Military device with 
environmental and 
Device Type burn=in processing 


Package Code 
P =Plastic DIP Temperature Range 
SP =Silm Plastic DIP C=Commercial (o°C to + 70°C) 
D=Ceramic DIP M=Military (= 55°C to + 125°C) 
SD =Slim Ceramic DIP 
F =Flatpak 
L=Leadless Chip Carrier (LCC) 
Q=Plastic Chip Carrier (PCC) 


$= Small Outline Package (SOIC) TL/F/9790~-1 


For most current packaging information, contact Product Marketing. 
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Physical Dimensions 


National © pe saci 
Semiconductor All dimensions are in inches (millimeters) 


52 Lead Side Brazed Ceramic Dual In-Line Package 
NS Package Number D52A 


2.626 
(86.70) 
MAX 


$2 81 50 49 48 47) 46 45 4A 43 2 9B 7 H— 5 KA 38 2 1 0 2 


13 14 15 16 #17 «18 19 20 2 22 23) 24 2S 6 


125 0.030-=0.060 { 
73.175) (#-782—1.524) 9 449-0.200 
MIN } 12.794 —$.080) 


0.100 + 0.010 | 0.035 - 0.035 
{2.540 + 0.254) (0.889 — 1.397) 

SEATING PLANE TYP TYP 
0.015 ~0.023 


(0.381 —0.584) 
TYP 


NOTE: FAST™ Product Shipped WITHOUT fs 


Protective Silicon “Bumpers”. 


iii) 


(0.203-0.381) (1.018) 
Te MAX TYP 
0.500 = 0.828, 
(14.99 ~ 15.75) 


052A (REV A) 


20 Terminal Ceramic Leadless Chip Carrier (LCC) 
NS Package Number E20A 0.2000.05 


(5.080 +0.127) 
TYP 


ase x 0.015 +0.010 


(0.381 + 0.254) 
0.007-0.011 
(0.178 —0.279) 
RTYP 


7, 
ANU 4 UU 0.022 —0.028 


=) 
(0.559 ~0.711) 
0.077 —0.093 q L TYP 


(1.859 ~ 2.362) ) 
= 


J 
(1.143=1.397) a Wz 
/ TYP 0.087 —0.083 
DETAILA Lge 0.045 —0.055 
e008 | ie 
TYP 


(1.143—1.397) 
TYP 


0.350 + 0.008 
0.063 —0.075 


= | {1-600=1.005) 





Top View Side View 





45° yc 0.0404 0.010 
(1.0164 0.254) 
3 PLCS 


Bottom View 


ord 


OetallA 


E20A (REV O) 





14 Lead Ceramic Flatpak 
NS Package Number W14B 


0.050 —0.080 0.372 —0.385 
(1.270 —2.032) (9.449—9.779) 


0.004 — 0.006 


(0.102—0.152) (1.143) 


(7.112) GLASS 


0.050: 0.005, 
(1.270 +0.127) 


(6.350 — 9.398) 


en 


, es 0.245—0.255 
(6.223 —6.477) 
67 : | 
0.250 -0.370 
(6.350 ~9.398) 


. 0.005 
0.020 —0.035 Z 0.015—0.019 (0.127) MIN 
(0.508 —0.889) (0.381 —0.483) 
TYP 


16 Lead Ceramic Flatpak 
NS Package Number W16A 


0.050-0.080 
(1270-2. oan ae i 
0.004-0.006 0.007 - 0.018 


(0.102-0.152 al (0.178 — 0.457) 


v1 
PIN NO.1 
IDENT 


0.020-0.040 
(0.508-1.016) 


i | 
0.300 — 0.370 
(7.620 — 9.398) 





0,015-0.019 
(0.381-0.482) 


W148 (REV D) 


0.371 — 0.390 


(9.423 — 9.906) 
0.050 +0.005 


(1.270 £0,127) 
0.000 MIN ALL ENDS 


(6.223 — 6.985) 


(7.620 — 9.398) 


W18A (REV E) 
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Imensions 


Physical D 


20 Lead Ceramic Flatpak 
NS Package Number W20A 


0.080 —0.090 
{2.032 —2.286) 
0.050 +0.005 
| (1.270 40.127) 


_—_ 


0.030 —0.040 
(0.762 — 1.016) 


0.285 
(7.239) 
MAX GLASS 


0.004 -0.006 
{0.102 —0.152) 


che 


24 Lead Ceramic Flatpak 
NS Package Number W24C 


0.080 — 0.090 
(2.032 — 2.286} 
0.030 —0.040 0.050 + 0.005 


—_ <— 
(0.762 — 1.016) (1.270 0.127) 


(10.16) 
MAX GLASS 


0.011 —0.025 


(0.279 —0.635) 
4 5 6 


OPTIONAL 


PIN #1 

IDENT 

OPTION #1 

(REFER DETAIL *°A’’) 


P23 
| 0.015 0.019 | | 
>| (0.381 —0.483) | 


<«_ 2: 008 — 0.015 
eG 203 — 0.381) 


0.004 —0.009 
(0.102 - 0.229) 


7 


0.005 


10.127) MIN TYP 


0.250 —0.320 
(6.350 — 8.128) 





20 19 18 17 16 15 14 13 12 11 


0.260 —0.270 
(6.604 — 6.858) 


2345 67 8 310 


0.250 -0.320 
(6.350 —8.128) 


0.015 0.019 25 


(0.381 0.483) "YP 


0.008 — 0.012 


(0.203 ~0.305) 


W20A (REV C) 


0.590 —0.625 


(14.99 — 15.88) 
—_—> 


0.005 win TYP 
(0.127) 


me 


0.250 —0.320 
(6.350 —8.128) 


P| |< 


0.365 —0.380 


(9.271 9.652) o11 0.025 


(0.279 —0.635) 


| 0.008 — 0.015 
(0.203 —0.381) 


DETAIL “‘A'’ PIN #1 IDENT OPTION 2 


10 11 12 


8 9 10 
0.250 —0.320 
(6.350 — 8.128) 


We4C (REV Dd 





14 Lead Ceramic Dual In-Line Package 
NS Package Number J14A 


0.785 
(19.939) 


0.290—0.320 

(7.366—8.128) (0.127) GLASS 0.060 +0.005 
——_ -> 

SEALANT (1.524 +0.127) 


86°94° TYP 
10° MAX * 0.008-0.012 


i .203—0.305) 
Lt 0310-0410 | (0.2 0.018 +0.003 
(7.874-10.41) 0.098 (0.457 +0.076) 


(2.489) 
MAX BOTH ENDS 0.100 +0.010 
(2.540 +0.254) 


16 Lead Ceramic Dual In-Line Package 
NS Package Number J16A 


(19.939) 
MAX 


SEALANT 


0.290 0.320 0.005 0.055 +0.005 
(7.366 —8.128) =s:28) xan ; (1.397 + 0.127) 
0.008 — 0.008 — 0.012 


0.180 are 
95° +5 (0.203 — 0.305) 


sr 572 
0.080 0.018+0. 0.0180.003,_, | 
0.310 —0.410 (2.032) ae ea (0.457 0.076) on | 
(7.874 ~ 10.41) aan 
Ne 0,100+0.010 


(2.540 + 0.254) 
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0.220-0.310 
(5.588~7.874) 


0.200 

(5.080) 

MAX 9.920-0.060 
(0.508-1.524) 


pest ie | 025-n200 


(3.175-5.080) 


0.150 


(3.81) 
MIN J14A (REV G) 


0.220-0.310 
(5.588 — 7.874) 


0.005 —0.020 
(0.127 -0.508) 
RAD TYP 


0.200 
(5.080) 


0.125—0.200 0.020—0.060 
(3.175 —5.080) (0.508 — 1.524) 


0.037 +0.005 
(0.940 + 0.127) 
J16A (REV K} 





Physical Dimensions. 


18 Lead Ceramic Dual In-Line Package 
NS Package Number J18A 


0.290 — 0.320 


~~ |e 386=0.126)[ ~~ 


0.055 +. 0.005 
(1.397 + 0.127) 


0.005 


(0.127) 


0.037 + 0.005 
(0.940 + 0.127) 


MAX 


0.020 —0.060 
(0.508 — 1.524) 


(5.080) 


GLASS SEALANTS, | 


0.008 — 0.012 


95° +5° (0.203—0.305) 


0.310 — 0.410 


(7.874 — 10.41) 


0.018+0.003 
(0.457 + 0.076) 


20 Lead Ceramic Dual In-Line Package 
NS Package Number J20A 


0.025 


0.220 = 0.310 
(5.588 — 7.874) 


0.005 —0.020 7 
(0.127 0.508) 
RAD TYP 0.037+0.005 
" (0.9404 0.127) 
0.005 


0.290 —0.320 (0.127) 


S| 


95° +5° 


GLASS SEALANT 


| 
86° 94° 


0.008—0.012 
(0.203 ~ 0.305) 


0.310-0.410 
(7.874— 10.41) 


(1.524) 


MAX 
BOTH ENDS 0.100 + 0.010 


(2.540 + 0.254) 


| 0.100+0.010 
(2540+0.254) "YP 


TYP" 





0.125—0.200 
(3.175 — 5.080) 


0.150 


(3.810) 
MIN 


0.098 
(2.489) 
MAX 
BOTH ENDS 


J18A (REV L) 


0.985 


(25.019) 


0.055 + 0.005 


—— —<—_— 
(1.397 0.127) 0.020 --0.060 


(0.508 ~ 1.524) 


Pee 0.200, 
(5.080) 
MAX 


ah 


(3.810) 
MIN 


0,125 -0.200 


(3.175 — 5.080) 
0.018 +0.003 
(0.457 + 0.076) 


J20A (REV M) 





24 Lead Ceramic Dual In-Line Package 


NS Package Number J24A 


0.030-0.055 


(0.762-1.397) 
RAD TYP 


0.590-0.620 0.005 


(14.986-15.748) (0.127) 
MIN 


0.008-0.012 
(0.203-0.305) 
0.098 


(2.489) 
MAX 


— 


0.100 :0.010 
(2.540 10.254) 


1.290 
(32.766) 


GLASS 
SEALANT 


28 Lead Ceramic Dual In-Line Package 


NS Package Number J28A 


0.030-0.055 
(0.762-1.397) 


RAD TYP 
0,590-—0.620 
(14.986-15.748) | 


0.008-0.012 
(0.203-0. 305) 


+0.025 
0.685 0-685 _9 060 
+0. 17.40 10838) 


(1740 -1 28) 


5° 5 


1.490 MAX 
| (37.846) 


0.600 
(15.280) 
(en]_[27)_ [es] (25) (ee) (23) 22) 25) eo) Ps] fe] MAX GLASS 


SEALANT 


od 
0.060-0.100 


(1.524~2.540) 


0.100 +0.010 


(2.540 +0.254) 





0.055 :0.005 
(1.397 +0.127) 


cane ess 


0.600 


(15.240) 
MAX 
GLASS 


suoisuawig jedisAud 


0.514-0.526 
(13.06-13.36) 


(4.572) 


MAX 
0.020-0.070 


(0.508-1.778) 


0.018 +0003 g§- — 9.425-0.200 0.150 


(0.457 20.076) 94 (3. 175-5,080) (3.810) 
TYP MIN MIN 


J24A (REV) 


(13.06-13.36) 


0.055 +0.005 (5.795) 


(1.397 20.127) MAX 
0.020-0.070 


(0.508—1.778) 


0.018 + 0.002 
(0.457 +0.508) 


J2BA REV Ev 





Physical Dimensions 


14 Lead Small Outline Integrated Circuit (SOIC) 


NS Package Number M14A 


0.150 —0.158 
(3.810 — 4.013) 


0.017 
| <~ (0.432) Sind 
«45° 4 
TYP ALL LEADS 


BT te 


0.007 —0.010 
(0.178 —0.254) 
Pp 
(0.102) 102) TYP ALL LEADS 
ALL LEAD TIPS 


0.336-0.344 
(8.534 —8.738) 


0.228 -0.244 
(5.791 —6.198) 


0.020 
(0.508) 


0.024-—0.031 0.053--0.069 


(0.610 —0.787) (1.346 —1.753) 0.004 —0.010 


(0.102 0.254) 
AFTER LEAD FINISH 


a 
val alle gue 


(1.270) (0. a8 a. 483) 
TYP 


M14A (REV F) 


16 Lead Small Outline Integrated Circuit (SOIC) 


NS Package Number M16A 


0.150 -0.158 
— <|$_— 
{3.810 — 4.013) 
_— 0.017 
(0.432) 
x 45° 


= ea 
oe a kgm 


TYP ALL LEADS 0.004 TYP ALL LEADS 


(0.102) 
ALL LEAD TIPS 


0.385 -0,394 
ia (9.779 — 10.008) 


16 615 4 #13 12 «111«210=«§ 


0.228 -0.244 
(5.791 —6.198) 


LEAD NO.1 


IDENT 
0.020 
(0.508) 


0.053 -0.069 


0.053 0.069, 0.004 - 0.010 
(1.345 — 1.753) 


{0.102 — 0.254) 
AFTER LEAD FINISH 


| sae 0.014—0.019 


(0.356 0.483) eh ” 483) 


(0.610 —0.787) 


MIGA IPEV E 
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16 Lead (0.300” Wide) Small Outline Integrated Circuit (SOIC) 
NS Package Number M16B 


0.396 —0.412 


(10.06 ~ 10.46) 
16 15 4 13 #12 #1 «10° «9 


0.394 -0.419 
(10.01 — 10.64) 


LEAD NO.t 
IDENT 


0.291-0.299 
(7.391 —7.595) 


0.017 
0.093-0.104 0.037-0.044 


(0.432 Ad et 
0.009 —-0.013 ary (2.362 — 2.642) (0.940 — 1.118) 
0.004 — 0.012 


(0.229 — 0.330) 
TYP ALL LEADS (0.102 — 0.305) 


0°-8° fA 

TYP ALL LEADS rr | | 

0.004 | | 

2.008 | 0.030 -0.050 0.050 0.014-0.019 

Aud Leno Tes (0.762 — 1.270) “~(1270) (0.356 —0.483) 
TYP ALL LEADS TYP TYP 


M16B (REV C) 


20 Lead Small Outline Integrated Circuit (SOIC) 
NS Package Number M20B 


0.496 0.512 
(12.598 13.005) 


0.394 -0.419 
(10.008 ~ 10.643) 


0.291 —0.299 


(7.391 — 7.595) 
0.093 —0.104 


{2.362 —2.642) 


0.004 -0.012 


0°-8° ———— 
(0.102 — 0.305) 


TYP ALL LEADS 


0.037—0.044 
4 (0.940—1.118) 
sxe 0.014-0.019 


ons oT 0.030—0.050 (0.356 —0.483) 
pee ct (0.762 —1.270) Slt 
TYP ALL LEADS TYP ALL LEADS dl 


a 





M20B (REV OF 
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Physical Dimensions 


24 Lead Small Outline Integrated Circuit (SOIC) 
NS Package Number M24B 


0.596 -0.612 
(15.14 — 85.54) 
24 23°: «22:« 219 18 O65 1418 


—— | 


0.394-0.419 
(10.01 -— 10.64) 


LEAD NO. 1 


(0.686) 


(0.432) 

0.009 - 0.013 «45° 

(0.229 - 0.330) 
TYP ALL LEADS 


: | 0.030 —0.050 0.050 gts 0,014-0.019 
TYP 


0.004 (0.762 — 1.270) (1.270) (0.356 — 0.483) 
0.102 TYP ALL LEADS 


0,004 0.012 


0.291 - 0.299 
{7.391 —7.594) 
0.017 0.037 -0.044 0.093 -0.104 
. Pa (0.940-1.118) (2.362 ~2.642) 
0 {0.102 ~ 0.305) 


}° —B° TYP ALL LEADS 





(0.102) 
ALL LEAD TIPS 


M24B (REV C. 


28 Lead Small Outline Integrated Circuit (SOIC) 
*NS Package Number M28B 


7.60 (0.300) 
7.40 (0.291) 


10.65 (0.420) 
10.00 (0.393) 


0.75 (0.030) 450 
0.25 (0.009) 
18.10 (0.713) 


17.70 (0.696) =] 


0.32 (0.013) 
0.23 (0.009) 2.65 (0.105) 


Ao 2.35 (0.092) 
‘WP os 


0.30 (0.012) 
0.10 (0.003) 





1.27 (0.050) 0.49 (0.020) 
BSC 


0.35 (0.013) 1.27 (0.050) 
0.40 (0.015) 


“For most current package information contact product marketing. 





14 Lead Plastic Dual In-Line Package 
NS Package Number N14A 


0.090 
(2.286) 
wan —2F" 

2 PLS 0.032 + 0.005 

asi PIN NO. 1 IDENT l 0.250 +0.005 (0.813 0.127) 
0.260 o™NS (6.350 +0.127) RAD 
(7.112) t @~——P|N NO. 1 IDENT 


MIN 


Iq jeo1skud 


0.743 — 0.770 
(18.87 — 19.56) 


SuOoISUdWwW 


0.300-0.320 OPTIONT  opriang? §-— ee OPTIONS 2,3 
(7.620-8.128)| 0.065 4° 4 PLCS (3.302 +0.127) 


(1.651) 0.065 0.145 — 0.200 
(1.651) (3.683 — 5.080) 


— 


0.009-0.015 
(0.229-0.381) 


- | . 
0.075 +0.015 Lo 018 +0.003 / 

aati (1.905 0.381) (0.457 £0.076) 
0.325 A Oe 0.100 +0,010 0.125 ~ 0.140 


(2.540 +0.254) 254) (3.175 ~ 3.556) 


+1.016 
(ozs aa N14A (REV 0) 





16 Lead Plastic Dual In-Line Package 
NS Package Number N16E 


0.743 0.780 
(18.87 — 19.81) 


0.032 + 0.005 


—— | (0.813 0.127) 
0:250+ 0.005 A 


(6.350.127) 


; oan 
MIN OPTION 1 a OPTION 2 
0.300—0.320 | (0.762) (4X) 
(7.62—6.128) | MAX 0.040 0.130+ 0.005 
(3.302 40.127) 


| —— wv 


0.145 ~ 0.200 
(3.683 — 5.080) 





0,009 -0.015. = vy : 
(0.229— 0.381) 10 508) 
o.125—0.140 (0.508) 
0.030+0.015. 0.018 +0.003_ MIN 
+0.040 (3.175 ~ 3.556) 
0.325" 9 0.325 9015 (0.762 0.381) (0.457 +0.076) MIN 
(o.255+7-018) 0,100 +0.010 


(0.2557 381 (2. (2.54020.259 254) 


N16E (REV E) 





5-13 


Physical Dimensions 


20 Lead Plastic Dual In-Line Package 
NS Package Number N20A 


1.013-1.040 


0.092 X 0.030 
(2.337 X 0.762) 


MAX DP 
PIN NO. 1 IDENT 


0.280 


(7.112) 
MIN 


0.300-0.320 
(7.620—-8.128) 


0.065 (1,524) 
(1.651 TYP 


651) 
0.009-0.015 


(0.229-0.381) 
TYP 





0.060 +0.005 
(1,524 +0127) 


+0.040 


0.325 “hots 


+1.016 
(0255 a ow) 


24 Lead Plastic Dual In-Line Package 
NS Package Number N24A 


PIN NO. t IDENT 


DOTTED OUTLINES 
REFLECT ALTERNATE 
0.580 MOLDED BODY CONFIGURATION 


(14.73) 
a 0.030 
(0.762) 0.075 
0.600-0.620 MAX 1308) 9.060 
(15.24-15.748) (1.524) 


0.009-0.015 


+0025 (0.229-0.381) 
0.075 +0.015 


(1.905 +0.381) 


95°+6° 


ae 


15.875 0.381 


(25.73-26.42) 


0.100+0.010 sp ieesenie | i 
(2.540 +0.254) 0.018 +0.003 


(0.457 0.076) 


0.032 +0.005 


(0.813 +0.127) 


RAD 
0.260 +0.005 


(6.604 +0.127) 


OPTION 2 


0.130 0.005 
(3.302 0.127) 


0.145-0.200 
{3.683-5.080) 


90°+ 0.004° 
0.020 


0.125-0.140 (0.508) 
(3.175-3.556) MIN 


N20A (REV G) 


1.243-1.270 


(31.57-32.26) 


0.540 +0.005 
(13.716 +0.127) 


0.160 +0.005 
(4.064 £0.127) 


0,170-0.210 
(4.318-5.334) 


86°94° 
Pans 0.015 


(3.175-3.556) MIN 


0.018 —— 
+ Le ara aTa pa 0.381 
| | 0.100 +0.010 {0.457 a “ate potted : 


(2.540 10.254) 


N24A (REV E) 





28 Terminal Ceramic Leadless Chip Carrier (LCC) 
NS Package Number E28A 


0.404 


(10.26) (0. a san **5 .° 0.065 0.076 
sa 7] [7 r651=1.930) 651 — 1.930) 


(2.159) 


(11. (11.23 11.63) =i 63) 
sa 


BOTTOM 
_ View 


E28A (REV C) 


24 Lead Slim (0.300” Wide) Ceramic Dual In-Line Package 
NS Package Number J24F 


0.025 si 80 
(0.635) (32.77) 


0.030-0.055 


(0.762-1.397) 
RAD TYP 
0.060 +0.005 ee 299-0.320 


(1.524 20.127) 0.020-0.070 (7.366-8.128) 
(0.508—1.778) 
0.180 


(4.572) 
MAX 


. 0.008-0.012 
oN 95° 35° esa 
ae" O° — (0.203—0.305) 
TYP 
0.095 mat 0.100 aon Le 0.018 +0.003 Le aah L. 0.310-0.410 = 
(2.413) enps (2.54 ae (0.457 gol MIN (7.874—10.41) 
JZ4F(REV G) 





suoisuowig jeoisAud 


Physical Dimensions 


24 Lead Slim (0.300” Wide) Plastic Dual In-Line Package 


NS Package Number N24C 


0.092 
(2.337) 
(2 PLS) 


PIN NO. 1 


OPTION 2 


1.243-1.270 
(31.57 — 32.26) 
MAX 


0.062, EJECTOR PINS 


0.300 —0.320 (1.575) 
(7.62 — 8.128) 


0.009 —0.015 


(0.229 —0.381) 0.065, 
(1.651) 


+0.040 0.075 +0.015 
—0.015 (1.905 + 0.381) 
+1m6) 

-0.381 


0.325 


(8.255 


52 Lead Plastic Chip Carrier (PCC) 
NS Package Number V52A 


12 SPACES AT 
0.050 =0.600 
(1.270 = 15.24) 0.026 ~0.032 


(0-660 -0.813) 
TYP 


0.013-0.018 
12 SPACES AT (0.330 - 0.457) 
0.050 =0.600 T 


(1270=15.24) 


0.750 +0.003 
(19.05 0.076) 


0.060 
* i524) {EAD #1 IDENT 
0.750 + 0.003 


(19.05 40.076) 


OPTIONAL 


0.018 +0.003 
(0.457 £0.076) 
TYP 
0.100+0.010 
(2.54+0.254) 
TyP 


0.165 0.180 
{4.191 —4.572) 


0.018 ~0.040 
(0.457 - 1.016) 


0.095 -0,125 
(2.413 ~3.175} 


0.710 -0.730 
{18.03 ~ 18.54) 





(1.143) 


0.260 +0.005 
(6.604 + 0.127) 


0.1304 0.005 
(3.302 £0.127) 


0.020 


0.145 0.200 
J (0.508) (ene) (3.683—5.080) 


0.125-0.145 
“(3.175 —3.556) 
MIN 


90° +4° TYP 


N24C (REV F} 


0.785 —0.795 


(19.94—20.19) 


0.785 ~—0.795 
(19.94 — 20.19) 


VS24 (REV A) 





NOTES 





NOTES 


NOTES 


NOTES 


NOTES 





NOTES 
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Tustin, CA 92680 
(714) 838-5422 
TWX: 910 595 2860 


19748 Dearborn St. 
Chatsworth, CA 91311 
(818) 701-7500 

TWX: 910 493 2086 


Avnet Electronics 

350 McCormick Ave. 
Irvine Industrial Complex 
Costa Mesa, CA 92626 
(714) 754-6050 

TWX: 910 595 1928 


Bell Industries 

306 E. Alondra Blvd. 
Gardena, CA 90248 
(213) 515-1800 


Bell Industries 

12322 Monarch St. 
Garden Grove, CA 92641 
(714) 895-7801 

TWX: 910 596 2362 


Bell Industries 

1829 Dehavilland Suite A 
Thousand Oaks, CA 91320 
(805) 499-6821 

TWX: 910 321 3799 


Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa, CA 92626 
(714) 641-4159 


Hamilton Electro Sales 
9650 DeSoto 
Chatsworth, CA 91311 
(818) 700-0440 


Hamilton/Avnet 
1361B West 190th St. 
Gardena, CA 90248 
(213) 217-6751 


Hamilton/Avnet 

4545 Viewridge Avenue 
San Diego, CA 92123 
(619) 571-7510 

TWX: 695 415 


Hamilton/Avnet 
3002 East G Street 
Ontario, CA 91764 
(714) 989-4602 


Time Electronics 

370 South Crenshaw Blvd. 
Suite E-104 

Torrance, CA 90503-1727 
(213) 320-0880 

TWX: 910 349 6650 


Time Electronics 
2410 E. Cerritos Ave. 
Anaheim, CA 92806 
(714) 934-0911 

TWX: 910 591 1234 


Time Electronics 
8525 Arjons Drive 
San Diego, CA 92126 
(619) 586-1331 

TWX: 858902 


Time Electronics 

9751 Independence Ave. 
Chatsworth, CA 91311 
(818) 998-7200 

TWX: 910 380 6274 


Zeus Components Inc., Reg 5 
San Fernando Valley 

5236 Colodny Drive 

Aaoura Hills, CA 91301 

(818) 889-3838 


Zeus Components Inc., Reg 5H 
All Hughes 

22700 Savy Ranch Pkwy. 
Yorba Linda, CA 92686 


Zeus Components Inc., Reg 8 
S CA, SG VLY, OC, SD CTY 
22700 Savy Ranch Pkwy. 
Yorba Linda, CA 92686 

(714) 921-9000 


COLORADO 


Anthem Electronics 

373 Inverness Dr. South 
Englewood, CO 80112 
(303) 790-4500 


Arrow Electronics 
7060 S Tucson Way 
Suite 136 

Englewood, CO 80112 
(303) 790-4444 

TWX: 910 931 2626 


Bell Industries 

12421 W. 49th Avenue 
Wheatridge, CO 80033 
(303) 424-1985 

TWX: 910 938 0393 


Hamilton/Avnet 

8765 E Orchard Road #708 
Englewood, CO 80111 

(303) 779-9998 

TWX: 910 935 0787 


CONNECTICUT 


Arrow Electronics 

12 Beaumont Rd. 
Wallingford, CT 06492 
(203) 265-7741 

TWX: 710 476 0162 


Hamilton/Avnet 
Commerce Drive 
Commerce Park 
Danbury, CT 06810 
(203) 797-2800 


Anthem Electronics 
170 Research Parkway 
Meridan, CT 06450 
(203) 237-2282 


Pioneer Northeast 
112 Main St. 
Norwalk, CT 06852 
(203) 853-1515 
TWX: 710 468 3378 


Time Electronics 
1701 Highland Ave. 
Cheshire, CT 06410 
(203) 271-3200 
TWX: 910 380 6270 


FLORIDA 


Arrow Electronics 

400 Fairway Drive 
Deerfield Beach, FL 33441 
(305) 429-8200 

TWX: 510 955 9456 


Arrow Electronics 

37 Skyline Drive #3101 
Lake Mary, FL 32746 
(407) 323-0252 


Bell Industries 

10810 72nd St. North #201 
Suite 201 

Largo, FL 33543 

(813) 541-4434 


Bell Industries 

638 South Military Trail 
Deerfield Beach, FL 33442 
(305) 421-1997 


Hamilton/Avnet 

6801 N.W. 15th Way 

Ft. Lauderdale, FL. 33309 
(305) 971-2900 

TWX: 510 956 3097 


Hamilton/Avnet 

3197 Tech Drive North 
St. Petersburg, FL 33702 
(813) 576-3930 

TWX: 810 863 0374 


Hamilton/Avnet 

6947 University Blvd. 
Winter Park, FL 32792 
(305) 628-3888 


Pioneer Technology 

221 North Lake Blvd. 
Altamonte Springs, FL 32701 
(305) 834-9090 

TWX: 810 853 0284 


Pioneer Technology 

674 South Military Trial 
Deerfield Beach, FL 33441 
(305) 428-8877 

TWX: 510 955 9653 
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FLORIDA (Continued) 


Zeus Components Inc., Reg 4 
FL, GA, AL, MI, SC & TN 
1750 West Broadway 

Oviedo, FL 32765 

(305) 365-3000 


GEORGIA 


Arrow Electronics 

3155 Northwoods Parkway 
Suite A 

Norcross, GA 30071 

(404) 449-8252 

TWX: 810 766 0439 


Bell Industries 

3020A Business Park Drive 
Norcross, GA 30071 

(404) 662-0923 


Hamilton/Avnet 

5825D Peach Tree Corner E 
Norcross, GA 30092 

(404) 447-7500 


Pioneer Technology 
3100F Northwoods Place 
Norcross, GA 30071 
(404) 448-1714 

TWX: 810 766 4515 


ILLINOIS 


Anthem Electronics 

180 Crossen Ave. 

Elk Grove Village, IL 60007 
(312) 640-6066 


Arrow Electronics 

1140 West Thorndale Avenue 
Itasca, IL 60143 

(312) 250-0500 

TWX: 910 222 0351 


Bell Industries 

515 Busse Road 

Elk Grove Village, || 60007 
(312) 640-1910 

TWX: 910 223 4519 


Bell Industries 
730 West Kilarney 
Urbana, IL 61801 
(217) 328-1077 


Hamilton/Avnet 
1130 Thorndale Ave. 
Bensenville, IL 60106 
(312) 860-7780 


Pioneer Electronics 

2171 Executive Dr., Suite 200 
Addison, IL 60101 

(312) 495-9680 

TWX: 910 222 1834 


INDIANA 


Advent Electronics Inc. 
8446 Moller Rd. 
Indianapolis, IN 46268 
(317) 872-4910 

TWX: 810 341 3228 


Arrow Electronics 
2495 Directors Row 
Suite H 

Indianapolis, IN 46241 
(317) 243-9353 

TWX: 810 341 3119 


Bell Industries 

3606 E. Maumee Ave. 
Fort Wayne, IN 46803 
(219) 423-3422 

TWX: 910 997 0701 


Bell Industries—Graham Div. 
133 S Pennsylvania St. 
Indianapolis, IN 46204 

(317) 834-8202 

TWX: 810 341 3481 


Hamilton/Avnet 
485 Gradle Dr. 
Carmel, IN 46032 
(317) 844-9333 
TWX: 810 260 3966 


Pioneer-Indiana 

6408 Castleplace Drive 
Indianapolis, IN 46250 
(317) 849-7300 


IOWA 


Advent Electronics 

682 58th Ave. Court S.W. 
Cedar Rapids, IA 52404 
(319) 363-0221 

TWX: 910 525 1337 


Arrow Electronics 

375 Collins Rd. N.E. 
Cedar Rapids, IA 52402 
(319) 395-7230 

TWX: 910 493 2086 


Bell Industries 

1221 Park Place N.E. 
Cedar Rapids, |A 52402 
(319) 395-0730 


Hamilton/Avnet 

915 33rd Avenue S.W. 
Cedar Rapids, IA 52404 
(319) 362-4757 


KANSAS 


Arrow Electronics 
8208 Melrose Dr. 
Suite 210 

Lenexa, KS 66214 
(913) 541-9542 


Hamilton/Avnet 
9219 Quivira Rd 
Overland Park, KS 66215 
(913) 888-8900 


Pioneer Standard 
10551 Lackmann Road 
Lenexa, KS 66215 
(913) 492-0500 


MARYLAND 


Arrow Electronics 
8300 Guilford Dr. 
Columbia, MD 21045 
(301) 995-0003 
TWX: 710 236 9005 


Hamilton/Avnet 
6822 Oak Hall Lane 
Columbia, MD 21045 
(301) 995-3500 
TWX: 710 862 1861 


Anthem Electronics 
9020-A Mendenhall Court 
Columbia, MD 21045 
(301) 964-0040 

TWX: 710 862 1909 


Pioneer Technology 
9100 Gaither Road 
Gaithersburg, MD 20877 
(301) 921-0660 

TWX: 710 828 0545 


Time Electronics 
9051 Red Branch Rd. 
Columbia, MD 21045 
(301) 964-3090 

TWX: 710 862 2860 


Zeus Components Inc., Reg 2 
MD, DE, VA, WVA, 

NC, RAYTHEON 

8930 Route 108 

Columbia, MD 21045 

(301) 997-1118 


MASSACHUSETTS 


Arrow Electronics 

25 Upton Drive 
Wilmington, MA 01887 
(617) 935-5134 

TWX: 710 393 6770 


Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
(617) 769-6000 
TWX: 710 336 1987 


Hamilton/Avnet 
10D Centennial Dr. 
Peabody, MA 01960 
(617) 531-7430 
TWX: 710 393 0382 


Anthem Electronics 
38 Jonspin Road 
Wilmington, MA 01887 
(617) 657-5170 

TWX: 710 332 1387 


Pioneer Northeast 
44 Hartwell Avenue 
Lexington, MA 02173 
(617) 861-9200 
TWX: 710 326 6617 


Time Electronics 

10 A Centennial Drive 
Peabody, MA 01960 
(617) 532-6200 

TWX: 710 393 0171 


Zeus Coomponents Inc., Reg 1A 
MA, RI, VT, NH, ME & CANADA 
429 Marrett Rd. 

Lexington, MA 02173 

(617) 863-8800 


MICHIGAN 


Arrow Electronics 

3510 Roger Chaffee 
Memorial Blvd. S.E. 
Grand Rapids, M! 49508 
(616) 243-0912 


Arrow Electronics 
755 Phoenix Dr. 
Ann Arbor, MI 48108 
(313) 971-8220 
TWX: 810 223 6020 


Bell Industries 

814 Phoenix Dr. 
Ann Arbor, Mi 48104 
(313) 971-9093 


Hamilton/Avnet 

2215 29th St. S.E. 
Grand Rapids, MI 49508 
(616) 243-8805 

TWX: 810 273 6921 


Hamilton/Avnet 

32487 Schoolcraft Road 
Livonia, MI 48150 

(313) 522-4700 


Pioneer Standard 

4505 Broadmoor S.E. 
Grand Rapids, MI 49508 
(616) 698-1800 

TWX: 510 600 8456 


Pioneer Standard 
13485 Stanford 
Livonia, MI 48150 
(313) 525-1800 
TWX: 810 242 3271 


R. M. Electronics 
4310 Roger B Chaffee 
Wyoming, MI 49508 
(616) 531-9300 


MINNESOTA 


Anthem Electronics 

10025 Valley View Rd. #160 
Eden Prairie, MN 55344 
(612) 944-5454 


Arrow Electronics 
5230 73rd Street 
Edina, MN 55435 
(612) 830-1800 
TWX: 910 576 3125 


Hamilton/Avnet 

12400 Whitewater Dr. 
Minnetonka, MN 55343-9421 
(612) 932-0600 

TWX: 910 572 2867 


Pioneer-Twin Cities 

7625 Golden Triangle Dr. 
Suite G 

Eden Prairie, MN 55344 
(612) 935-5444 

TWx: 910 576 2738 


MISSOURI 


Arrow Electronics 
2380 Schuetz Road 
St. Louis, MO 63146 
(314) 567-6888 
TWX: 910 764 0882 


Hamilton/Avnet 

13743 Shoreline Ct.-East 
Earth City, MO 83045 
(314) 344-1200 

TWX: 910 762 0627 


Time Electronics 

330 Sovereign Ct. 

St. Louis, MO 63011-4491 
(314) 391-6444 

TWX: 910 760 1893 


NEW HAMPSHIRE 


Arrow Electronics 

3 Perimeter Rd. 
Manchester, NH 03103 
(603) 668-6968 

TWX: 710 220 1684 


Bell Industries—C & H Div. 
19 Park Avenue 

Hudson, NH 03051 

(603) 882-1133 

TWX: 710 228 8959 


Hamilton/Avnet 

444 Industrial Dr. 
Manchester, NH 03102 
(603) 624-9400 


NEW JERSEY—Northern 


Arrow Electronics 

6 Century Drive 
Parsippany, NJ 07054 
(201) 575-5300 

TWX: 710 734 4403 


Hamilton/Avnet 

10 Industrial Rd. 
Fairfield, NJ 07006 
(201) 575-3390 
TWX: 710 734 4409 
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NEW JERSEY—Northern 
(Continued) 


Anthem Electronics 
311 Rt. 46 West 
Fairfield, NJ 07006 
(201) 227-7960 
TWX: 710 734 4312 


Nu Horizons Electronics 
39 Route 46 

Pinebrook, NJ 07058 
(201) 882-8300 


Pioneer 

45 Route 46 

Pine Brook, NJ 07058 
(201) 575-3510 

TWX: 710 734 4382 


NEW JERSEY—Southern 


Arrow Electronics 

6000 Lincoln Drive East 
Marlton, NJ 08053 
(609) 596-8000 

TWX: 710 897 0829 


Hamilton/Avnet 

One Keystone Ave. 
Cherry Hill, NJ 08003 
(609) 424-0100 
TWX: 710 940 0262 


NEW MEXICO 


Alliance Electronics Inc. 
11030 Cochiti S.E. 
Albuquerque, NM 87123 
(505) 292-3360 

TWX: 910 989 1154 


Arrow Electronics 
2460 Alamo Ave. S.E. 


Albuquerque, NM 87106 
(505) 243-4566 
TWX: 910 989 1679 


Bell Industries 

11728 Linn N.E. 
Albuquerque, NM 87123 
(505) 292-2700 

TWX: 910 $89 0625 
Hamilton/Avnet 

2524 Baylor Drive S.E. 
Albuquerque, NM 87106 
(505) 765-1500 

TWX: 910 989 1631 


NEW YORK—Upstate 


Arrow Electronics 

3375 Brighton-Henrietta 
Townline Rd. 
Rochester, NY 14623 
(716) 427-0300 

TWX: 510 253 4766 


Hamilton/Avnet 
103 Twin Oaks Drive 
Syracuse, NY 13206 
(315) 437-2641 
TWX: 710 541 1506 


Hamilton/Avnet 

2060 Town Line Road 
Rochester, NY 14623 
(716) 475-9130 

TWX: 510 253 5470 


Pioneer Northeast 

68 Corporate Drive 
Binghamton, NY 13904 
(607) 722-9300 

TWX: 510 252 0893 


Pioneer Northeast 
840 Fairport Rd. 
Fairport, NY 14450 
(716) 381-7070 
TWX: 510 253 7001 


Summit Electronics 
916 Main Street 
Buffalo, NY 14202 
(716) 887-2800 
TWX: 710 522 1692 


Summit Electronics 
292 Commerce Drive 
Rochester, NY 14623 
(716) 334-8110 


Time Electronics 

6075 Corporate Dr. 

East Syracuse, NY 13057 
(315) 432-0355 

TWX: 510 100 6192 


NEW YORK—Metro Area 


Arrow Electronics 

20 Oser Ave. 
Hauppauge, NY 11788 
(516) 231-1000 

TWX: 510 227 6623 


Hamilton/Avnet 

833 Motor Parkway 
Hauppauge, NY 11788 
(516) 434-7413 


Hamilton/Avnet Export Div. 
1065 Old Country Rd., #211A 
Westbury, NY 11590 

(516) 997-6868 


Anthem Electronics 
400 Oser Ave. 
Hauppauge, NY 11787 
(516) 273-1660 

TWX: 510 227 1042 


Nu Horizons Electronics 
6000 New Horizons Blvd. 
Amityville, NY 11701 
(516) 226-6000 


Pioneer 

60 Crossways Park West 
Woodbury, NY 11797 
(516) 921-8700 

TWX: 710 326 6617 


Time Electronics 

70 Marcus Boulevard 
Hauppauge, NY 11788 
(515) 273-0100 

TWX: 858881 


Zeus Components Inc., Reg 1 
NY/ROCK/NJ/E PA/ CT 
100 Midland Ave. 

Port Chester, NY 10573 
(914) 937-7400 


Zeus Components Inc., Reg 1B 
Long Island/NYC 

2110 Smithtown Ave. 
Ronkonkoma, NY 11779 

(516) 737-4500 


NORTH CAROLINA 


Arrow Electronics 
5240 Greens Dairy Rd. 
Raleigh, NC 27604 
(919) 876-3132 

TWX: 510 928 1856 


Arrow Electronics 

938 Burke Street 
Winston-Salem, NC 27101 
(919) 725-8711 

TWX: 510 931 3169 


Hamilton/Avnet 

3510 Spring Forest Road 
Raleigh, NC 27601 

(919) 878-0810 

TWX: 510 928 1836 


Pioneer Technology 
9801-A Southern Pine Blvd. 
Charlotte, NC 28210 

(704) 527-8188 

TWX: 810 621 0366 


Pioneer Technology 

2810 Meridian Pkwy. #148 
Durham, NC 27713 

(919) 544-5400 


OHIO 


Arrow Electronics 
7620 McEwen Rd. 
Centerville, OH 45459 
(513) 435-5563 

TWX: 810 459 1611 


Arrow Electronics 
6238 Cochran Rd. 
Solon, OH 44139 
(216) 248-3990 
TWX: 810 427 9409 


Bell Industries 

444 Windsor Park Drive 
Dayton, OH 45459 
(513) 435-8660 


Bell Industries 
Micro-Mil Division 
113 Wesipaix Road 
Dayton, OH 45459 
(513) 434-8231 
TWX: 810 459 1615 


CAM/OHIO Electronics 

749 Miner Road 

Highland Heights, OH 44143 
(216) 461-4700 

TWx: 810 427 2976 


Hamilton/Avnet 
954 Senate Drive 
Dayton, OH 45459 
(513) 439-6700 
TWX: 810 450 2531 


Hamilton/Avnet 

30325 Bainbridge Rd., Bldg. A 
Solon, OH 44139 

(216) 831-3500 

TWX: 810 427 9452 


Hamilton/Avnet 
777 Brooksedge Blvd. 
Westerville, OH 43081 
(614) 882-7004 


Pioneer Standard 
4800 East 131st Street 
Cleveland, OH 44105 
(216) 587-3600 

TWX: 810 422 2210 


Pioneer Standard 
4433 Interpoint Blvd. 
Dayton, OH 45424 
(513) 236-9900 
TWX: 810 459 1683 


Zeus Components Inc., Reg 3 
Dayton (DESC) 

2912 Springboro St., Ste. 106 
Dayton, OH 45439 

(513) 293-6162 


OKLAHOMA 


Arrow Electronics 
12111 E. 51st Street 
Tulsa, OK 74146 
(918) 252-7537 


Hamilton/Avnet 
12121 East 51st St. 
Suite 102A 

Tulsa, OK 74146 
(918) 252-7297 


Quality Components 

3158 South 108th East Ave. 
Suite 274 

Tulsa, OK 74146 

(918) 664-8812 


Radio Inc. 

1000 South Main Street 
Tulsa, OK 74119 

(918) 587-9123 

TWX: 49 2429 


OREGON 


Almac-Stroum Electronics 
1885 N.W. 169th Place 
Beaverton, OR 97006 
(503) 629-8090 

TWX: 910 467 8743 


Anthem Electronics 
9705 S.W. Sunshine Ct. 
Suite 900 

Beaverton, OR 97005 
(503) 643-1114 


Arrow Electronics 
1000 NAW 1C7th Place 
Suita 145 

Beaverton, OR 97006 
(503) 645-6456 

TWX: 910 464 0007 


Bell Industries 

6024 S.W. Jean Rd. 
Lake Oswego, OR 97034 
(503) 241-4115 

TWX: 910 455 8177 


Hamilton/Avnet 

6024 S.W. Jean Rd. 
Bldg. C, Suite 10 

Lake Oswego, OR 97034 
(503) 635-7850 


PENNSYLVANIA—Eastern 


Arrow Electronics 

650 Seco Rd. 
Monroeville, PA 15146 
(412) 856-7000 

TWX: 710 797 3894 


CAM/RPC IND Electronics 
620 Alpha Drive 

RIDC Park 

Pittsburgh, PA 15238 
(412) 782-3770 

TWX: 710 795 3126 


Hamilton/Avnet 
2800 Liberty Ave. 
Pittsburgh, PA 15227 
(412) 281-4150 
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PENNSYLVANIA—Eastern 
(Continued) 


Anthem Electronics 
355 Business Ctr. Drive 
Horsham, PA 19044 
(215) 443-5150 


Pioneer Technology 
261 Gibraltar Road 
Horsham, PA 19044 
(215) 674-4000 
TWX: 510 665 6778 


Pioneer-Pittsburgh 
259 Kappa Drive 
Ridgepark 
Pittsburgh, PA 15238 
(412) 782-2300 
TWX: 710 795 3122 


Time Electronics 

600 Clark Ave. 

King of Prussia, PA 19406 
(215) 337-0900 

TWX: 845317 


TENNESSEE 
Bell Industries 
Instate: (800) 752-2050 
TEXAS 
Arrow Electronics 
3220 Commander Dr. 
Carrollton, TX 75006 
(214) 380-6464 
TWX: 910 860 5377 


Arrow Electronics 

2227 West Braker Lane 
Austin, TX 78758 

(512) 835-4180 


TWX: 910 874 1348 


Arrow Electronics 
10899 Kinghurst Dr. 
Suite 100 

Houston, TX 77099 
(713) 530-4700 
TWX: 910 880 439 


Hamilton/Avnet 

2111 West Walnut Hill Ln. 
Irving, TX 75062 

(214) 550-7755 

TWX: 07 32359 


Hamilton/Avnet 

4850 Wright Road #190 
Staford, TX 77477 

(713) 240-7733 

TWX: 910 881 5523 


Hamitton/Avnet 

1807A West Braker Lane 
Austin, TX 78758 

(512) 837-8911 

TWX: 910 874 1319 


Pioneer Electronics 
1826 Kramer Lane 
Suite D 

Austin, TX 78758 
(512) 835-4000 


Pioneer Standard 
13710 Omega Road 
Daltas, TX 75240 
(214) 386-7300 
TWX: 910 860 5563 


Pioneer Electronics 
5853 Point West Drive 
Houston, TX 77036 
(713) 988-5555 

TWX: 910 881 1606 


Quality Components 
1005 Industrial Bivd. 
Sugarland, TX 77478 
(713) 240-2255 
TWX: 910 881 7251 


Quality Components 
2120M Braker Lane 
Austin, TX 78758 
(512) 835-0220 
TWX: 910 874 1377 


Quality Components 
4257 Kellway Circle 
Addison, TX 75001 
(214) 733-4300 
TWX: 910 660 5459 


Zeus Components Inc., Reg 7 
TX, AR, OK, LA, KS, MO, IO, NE 
1800 N. Glenville Rd. 
Richardson, TX 75081 

(214) 783-7010 


UTAH 


Anthem Electronics 

1615 West 2200 South #A 
Salt Lake City, UT 84119 
(801) 973-8555 


Arrow Electronics 

1946 W. Parkway Blvd. 
Salt Lake City, UT 84119 
(801) 973-6913 


Bell Industries 

6912 S. 185 West #B 
Midvale, UT 84047 
(801) 255-9611 


Hamilton/Avnet 

1585 West 2100 South 
Salt Lake City, UT 84117 
(801) 972-4300 

TWX: 910 925 4018 


WASHINGTON 


Almac-Stroum Electronics 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 
(206) 643-9992 

TWX: 910 444 2067 


Anthem Electronics 
5020 148th Ave. N.E. 
Suite 103 

Redmond, WA 98052 
(206) 881-0850 

TWX: 910 997 0118 


Arrow Electronics 
19450 68th Ave. South 
Kent, WA 98032 

(206) 575-4420 

TWX: 910 444 2034 


Hamilton/Avnet 

17761 N.E. 78th Place Bid. C 
Redmond, WA 98052 

(206) 881-6697 


WISCONSIN 


Arrow Electronics 
200 N. Patrick Blvd. 
Brookfield, WI 53005 
(414) 792-0150 
TWX: 910 262 1193 


Bell industries 

W227 N913 Westmound Ave. 
Waukesha, W! 53186 

(414) 547-8879 

TWX: 910 262 1156 


Hamilton/Avnet 

20815 Crossroads Civ. #400 
Waukesha, WI 53186 

(414) 784-4516 


Taylor Electric 

1000 West Donges Bay Road 
Mequon, WI 53092 

(414) 241-4321 

TWX: 910 262 3414 


CANADA 


Electro Sonic Inc. 

1100 Gordon Baker Road 
Willowdale, Ontario M2H 3B3 
(416) 494-1666 

TWX: 06 525295 


Hamilton/Avnet 

2550 Boundary Rd. #105 
Burnaby, B.C., VSM 3Z0 
(604) 437-6667 


Hamilton/Avnet 

2816 21st N.E. 

Calgary, Alberta T2E 6Z2 
(403) 250-9380 

TWX: 03 827642 


Hamilton/Avnet 

2795 Rue Halpern 

St. Laurent, Quebec H4S 1P8 
(514) 335-1000 

TWX: 610 421 3731 


Hamilton/Avnet 

6845 Redwood Drive 3, 4, 5 
Mississauga, Ontario L4V 1T1 
(416) 677-7432 

TWX: 610 492 8867 


Hamilton/Avnet 

190 Colonnade Rd. 
Nepean, Ontario K2E 7L5 
(613) 226-1700 

TWX: 053 4971 


Semad Electronics Ltd. 
243 Place Frontenac 


Pointe Claire, Quebec H9R 4Z7 


(514) 694-0860 


Semad Electronics Ltd. 
8563 Government Street 
Burnaby, B.C. VSG 4M1 
(604) 420-9889 


Semad Electronics Ltd. 

75 Glendeer Dr. S.E. #210 
Calgary, Alberta T2H 288 
(403) 252-5664 


Semad Electronics Ltd. 
1827 Woodward Dr. #303 
Ottawa, Ontario K2C OR3 
(613) 727-8325 


Zentronics 

8 Tilbury Ct. 

Brampton, Ontario L6T 3T4 
(416) 451-9600 

TWX: 06 97678 


Zentronics 

Edmonton Sales Office 
Edmonton, Alberta T6N 1B2 
(403) 468-8306 


Zentronics 

11400 Bridgeport Rd., Unit 108 
Richmond, B.C. V6X 1T2 

(604) 273-5575 

TWX: 04 355844 


Zentronics 

155 Colonade Rd. So. 
Units 17 & 18 

Nepean, Ontario K2E 7K1 
(613) 226-8840 


Zentronics 

817 McCaffrey St. 

Ville St. Laurent, Quebec H4T 1N3 
(514) 737-9700 


Zentronics 

93-1313 Border St. 
Winnipeg, Manitoba R3H 0X4 
(204) 694-1957 


Zentronics 

Saskatoon Sales Office 
Saskatoon, Alberta R3H 0X4 
(306) 955-2207 


Zentronics 

6815 8th St. N.E. 

Suite 100 

Calgary, Alberta T2E 7H7 
(403) 272-1021 

TWX: 04 355844 














SALES OFFICES 


ALABAMA 

Huntsville 
(205) 837-8960 
(205) 721-9367 


ARIZONA 
Tempe 
(602) 966-4563 


B.C. 
Burnaby 
(604) 435-8107 


CALIFORNIA 

Encino 

(818) 888-2602 
Inglewood 

(213) 645-4226 
Roseville 

(916) 786-5577 
San Diego 

(619) 587-0666 
Santa Clara 

(408) 562-5900 
Tustin 

(714) 259-8880 
Woodland Hills 

(818) 888-2602 


COLORADO 
Boulder 
(303) 440-3400 
Colorado Springs 
(303) 578-3319 
Englewood 
(303) 790-8090 


CONNECTICUT 
Fairfield 
(203) 371-0181 
Hamden 
(203) 288-1560 


FLORIDA 
Boca Raton 
(305) 997-8133 
Orlando 
(305) 629-1720 
St. Petersburg 
(813) 577-1380 


GEORGIA 
Atlanta 
(404) 396-4048 
Norcross 
(404) 441-2740 


ILLINOIS 
Schaumburg 
(312) 397-8777 


INDIANA 
Carmel 
(317) 843-7160 
Fort Wayne 
(219) 484-0722 


IOWA 
Cedar Rapids 
(319) 395-0090 


KANSAS 
Overland Park 
(913) 451-8374 


MARYLAND 
Hanover 
(301) 796-8900 


MASSACHUSETTS 
Burlington 
(617) 273-3170 
Waltham 
(617) 890-4000 
MICHIGAN 
W. Bloomfield 
(313) 855-0166 
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MINNESOTA 
Bloomington 
(612) 835-3322 
(612) 854-8200 


NEW JERSEY 
Paramus 
(201) 599-0955 


NEW MEXICO 
Albuquerque 
(505) 884-5601 


NEW YORK 

Endicott 

(607) 757-0200 
Fairport 

(716) 425-1358 

(716) 223-7700 
Melville 

(516) 351-1000 
Wappinger Falls 

(914) 298-0680 


NORTH CAROLINA 
Cary 
(919) 481-4311 


OHIO 
Dayton 
(513) 435-6886 
Highland Heights 
(216) 442-1555 
(216) 461-0191 


ONTARIO 
Mississauga 
(416) 678-2920 
Nepean 
(404) 441-2740 
(613) 596-0411 
Woodbridge 
(416) 746-7120 


OREGON 
Portland 
(503) 639-5442 


PENNSYLVANIA 
Horsham 
(215) 675-6111 
Willow Grove 
(215) 657-2711 


PUERTO RICO 
Rio Piedias 
(809) 758-9211 
QUEBEC 
Dollard Des Ormeaux 
(514) 683-0683 
Lachine 
(514) 636-8525 


TEXAS 
Austin 
(512) 346-3990 
Houston 
(713) 771-3547 
Richardson 
(214) 234-3811 


UTAH 
Salt Lake City 
(801) 322-4747 


WASHINGTON 
Bellevue 
(206) 453-9944 


WISCONSIN 

Brookfield 
(414) 782-1818 

Milwaukee 
(414) 527-3800 
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2800 Semiconductor Drive 
P.O. Box 58090 


Santa Clara, CA 95052-8090 


Tel: (408) 721-5000 
TWX: (910) 339-9240 
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Electronica NSC de Mexico SA 
Juventino Rosas No. 118-2 

Col Guadalupe Inn 

Mexico, 01020 D.F. Mexico 

Tel: 52-5-524-9402 


National Semicondutores 
Do Brasil Ltda. 

Av. Brig. Faria Lima, 1409 

6 Andor Salas 62/64 

01451 Sao Paulo, SP, Brasil 
Tel: (65/11) 212-5066 

Telex: 391-1131931 NSBR BR 


National Semiconductor GmbH 
Industriestrasse 10 

D-8080 Furstenfeldbruck 

West Germany 

Tel: 49-08141-103-0 

Telex: 527 649 


National Semiconductor (UK) Ltd. 


301 Harpur Centre 
Horne Lane . 
Bedford MK40 ITR 
United Kingdom 

Tel: (02 34) 27 00 27 
Telex: 826 209 


National Semiconductor Benelux 
Vorstlaan 100 

B-1170 Brussels 

Belgium 

Tel: (02) 6725360 

Telex: 61007 


©1988 National Semiconductor 


National Semiconductor (UK) Ltd. 


1, Bianco Lunos Alle 
DK-1868 Fredriksberg C 
Denmark 

Tel: (01) 213211 

Telex: 15179 


National Semiconductor 
Expansion 10000 

28, rue de la Redoute 
F-92260 Fontenay-aux-Roses 
France 

Tel: (01) 46 60 81 40 

Telex: 250956 


National Semiconductor S.p.A. 
Strada 7, Palazzo R/3 

20089 Rozzano 

Milanofiori 

Italy 

Tel: (02) 8242046/7/8/9 


National Semiconductor AB 
Box 2016 

Stensatravagen 13 

S-12702 Skarholmen 
Sweden 

Tel: (08) 970190 

Telex: 10731 


National Semiconductor 
Calle Agustin de Foxa, 27 
28036 Madrid 

Spain 

Tel: (01) 733-2958 

Telex: 46133 
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National Semiconductor 
Switzerland 

Alte Winterthurerstrasse 53 
Postfach 567 

Ch-8304 Wallisellen-Zurich 
Switzerland 

Tel: (01) 830-2727 

Telex: 59000 


National Semiconductor 
Kauppakartanonkatu 7 
SF-00930 Helsinki 
Finland 

Tel: (0) 33 80 33 

Telex: 126116 


National Semiconductor Japan 
Ltd. 

Sanseido Bidg. 5F 

4-15 Nishi Shinjuku 

Shinjuku-ku 

Tokyo 160 Japan 

Tel: 3-299-7001 

Fax: 3-299-7000 


National Semiconductor 
Hong Kong Ltd. 
Southeast Asia Marketing 
Austin Tower, 4th Floor 
22-26A Austin Avenue 
Tsimshatsui, Kowloon, H.K. 
Tel: 852 3-7243645 

Cable: NSSEAMKTG 
Telex: 52996 NSSEA HX 
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National Semiconductor 
(Australia) PTY, Ltd. 

1st Floor, 441 St. Kilda Rd. 
Melbourne, 3004 

Victory, Australia 

Bi -pm (0<) B07 200101010) 

Fax: 61-3-2677458 


National Semiconductor (PTE), 
Ltd. 

200 Cantonment Road 13-01 
Southpoint 

Singapore 0208 

Tel: 2252226 

Telex: RS 33877 


National Semiconductor (Far East) 
Ltd. 

Taiwan Branch 

ROM =[0) alo c ea E- |) 01-1) 

7th Floor, Nan Shan Life Bidg. 

302 Min Chuan East Road, 

Rielle) |MME-1\, 7-16 On On 

Tel: (86) 02-501-7227 

Telex: 22837 NSTW 

Cable: NSTW TAIPEI 


National Semiconductor (Far East) 
Ltd. 

Korea Office 

Room 612, 





~ Korea Fed. of Small Bus. Bidg. 


BL -t-am Colo [on Blo ale B 
Youngdeungpo-Ku 
Seoul, Korea 
Tel: (02) 784-8051/3 ~ 785-0696-8 
Telex: K24942 NSRKLO 
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